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INTRODUCT ION

Food, fertilisers and fuel are the three national
problems confronting India today. While concerted efforts
have been made to meet the challenges of food and fertilisers,
over a long period, the problem of fuel has come to lime
light only recently, consequent to the world wide enexrgy
crisis. The problem,'energy crisis' requires the utmost -

efforts of the government, and the consumer,

The fossil fuel resources such as wood, coal, oil
and natural and other gases are dwindling fast. (Fuel
policy committee, 19723 Prakash, 1978, Ramélingam; 19785
and Sen, 1979). Hence it is absolutely necessary to break
away from the practice of using conventional fossil fuels
to meet all the energy requirements, The need of the
hour is to base the economy on non conventional energy
sources such as sun power and biogas, which are available

everywhere,

The energy problem of the domestic sector is a complex
one, with implications to the life of the community.
Energy for domestic use is as essential and important as

food and shelter for sustaining life (IAAS, 1983).

Procurement of fuel in adequate quantities necessary
for the day-to-day cooking is one of the problems that every

family faces as a result of the energy crisis, Shortage of



electricity, inadequate production of cooking gas,
difficulty in getting adequate quantities of kerosene,
scarcity of firewood and their exhorbitantly spiralling
prices have made every household struggle for energy and

hope for a solution to this harrassing problem,

Since 80 per cent of India's population live in
about 6,000,000 villages, India's energy problem should be
studied in the context of the 80 per cent of the nation
living in the rural sector. As the Father of the Nation,
Mahatma Gandhi, had warned, 'If villages perish, India
will perish too' (Parikh, 1978),

An analysis of the energy consumption indicates
that fuel wood is the fourth largest source of energy coming
next to petroleum products, coal and natural gas (Salariya,
1983)., It is the principal fuel in the world and about half
- of the world's population uses this fuel to fulfil their
.energy requirements (Lokras and Kumar, 19833 Salariya and

Jindal, 19833 and Tata Energy Research Institute, 1983).

Firewood has been the conventional source of energy
meeting 87 per cent of the domestic fuel needs. The
remaining 13 per cent are met by coal and kerosene. The
problem of fuel wood is more menacing than is usually
realised, and unless adequate measures are taken the fuel

wood supply will be critical and unmanageable by the year



2000 AD. An additional 2000 millions or more will then be
facing similar critical shortage within one or two decades
and the future generation is bound to inherit a barren,
polluted and dismal world (Prasad and Mandal, 1983). The
shortage of fuel wood is associated with problems such as
substitution of agricultural and animal wastes for firewood,
labour requirements for Qbfaining fuel and large expenditure
for purchasing fuel wood, Collection of firewood is becoming
an increasingly arduous task for women and children who

spend more than 2-3 hours per day per family walking even

“beyond 5 km per day (Bhatt and Reddy, 1982),

The availability of firewood for cooking is also
taking a very serious turn, Seventy five.per cent of the
- population, nea;ly 150 million people, fulfil 90 per cent
of their energy requirement through wood, It is estimated
that by the end of the century, 250 million more people will
be unable to get firewood for their minimum requiremeht of

cooking.

Another commonly used fuel in the rural households
is animal dung in the form of dried cakes. Tam and Thanh
(1983) quoted by Prasad et al state that 45 per cent of the
domestic fuel requirements in the Indian Villages come from
burning animal dung., It is estimated that over 30 per cent
cf 980 million tonnes of cattledung produced in India are

burnt for fuel which could otherwise be used as oxrganic



manure, If the entire quantity of the cattledung produced
is put through the biogas plants, the slurry can produce
to meet for domestic fuel requirement of 87,45 million

families (KVIC, 1984),

:The energy crisis demands effective planning and
use of the limited energy sources, Real management lies
in using 'what we have, to get what we want!' (Gross and
Crandall, 1963). The available resources should be utilised
to the fullest extent to solve the energy problem, Hence
the time has come, to think of using alternate non conven-
tional sources of energy in the household sector to solve

the fuel problem,

In this regard the late Prime Minister, Indira Gandhi
made an impassioned plea for the development of indigenous
technology in preference to imported technology in the rural
areas to reduce the drudgery of the rural women. The
Department of Science and Technology, Government of India
(1982) has identified some improved cooking stoves, biogas
plants and solar devices, as measures to alleviate the
drudgery facing Indian women and reduce the demand on fuel

wood,

One of the important steps which could be taken

towards prevention of continuous deforestation, depletion



of forest resources, loss of human energy and time spent
in cutting and carrying wood over long distances, is the
introduction of efficient and energy conserving cooking applié

ances.

The traditional wood stove has remained the same
for hundreds of years and is a highly inefficient making
available less than six per cent of the energy released
by the fuel (Gupta, 1982). An improvement in the effi-
ciency of these Chulahs can reduce half the nation's
.conSUmption of 130 million tonnes of firewood every year.
In this context, the use of smokeless chulah will not only
make the women folk healthier but also increase their,life
span. (Grover, 1982)., By introducing smokeless ovens, women
will be freed from smoky kitchens where they spend more
than 70 per cent of their time and suffer from the hazards

of smoke on their eyes, lungs and skins,

Besides improving the cook stoves, there is need to
find out appropriate alternative energy sources for cooking
(Sharma, 1984). Biogas plant, which appears to give an
ideal source of fuel and a valuable manure as efficient
slurry is a boon for India which has a high cattle
population and agrarién economy (Kalia, 19813 and Rao, 1984),.
As Parmora (1983) has computed, about 303 million MWh of

energ& as biogas and 368 million tonnes of manure per year



can be produced through biogas plants from the available

cattle dung alone,

Realising the urgency and need for conservation of
energy, a National Biogas Development Project was launched
in the sixth plan. In the current 20 Point Programme,
emphasis has been placed on the need for developing biogas
and other alternative energy sources (Ministry of Information

and Broadcasting, Government of India, 1984),

Shah and George (1982) view that usable, renewable
energy sources should have ample thermodynamic and
economic availability, ecological safety, inoffensiveness
and freedom from hazards. They should depend upon known
technology which can be developed within the constraints
of resources and man power, Amohg the alternate sources
-that man is trying to tap such as solar energy, wind power
energy, geothermal energy and tidal power, solar enerqgy
appears to be an appropriate option, since the other sources

involve high technological development,

Solar energy is the most promising means from the
point of view of availability, cleanliness and ecology
(Gupta, 19743 Culham, 1975 and'Pichai, 1984). Gnanarathinam
(1982) puts forth that solar energy is our largest and
ulti@ate non fossil, non nuclear energy source, Devadas

(1980) has pointed out that solar energy offers a practical



solution for the household energy problem which is

clouding the prospects of mankind.

In India, abundant sunshine is available for
atleast eight months during the year. The average
intensity of solar energy in India is 600 ca13/sq.cm/day
(Anand, 1983; and Vijayaraghavan, 1984). According to Patel
(1977), the geographical location of the country at
7 to 37° North Latitude has a large potential for solar
energy utilisation. India gets 3000 hours of sunshine
a year and has advantage to tap this source of energf»
to meet the energy requirements of the rural parts, where
there is practically no electricity (Rao, 19803 and
Piéhai, 1984).

Cooking makes one of the primary demands of energy
in all societies, Solar energy can be used for cooking
and save energy. Solar cookers and ovens have been
developed for cooking all types of food within 40 to 60
minutes on a sunny day. These cookers can be fabricated
with locally available materials and can become effective
device for the housewife on all sunny days, that is about
240 to 300 days in a year. Solar cooker saves the time
spent in cbllectihg fuel. It provides safe, uniform
heating and hygienic cooking with no haiards of smoke
and fire. The applications of this energy sourcé will

open the flood gates of a new economic activity throughout



the country (Tarcici, 19743 Tuve, 19763 Rao, 1980;%
Ravindra, 1981; and Vaithilingam, 1984).

Several researches have been undertaken to develop
smokeless chulah, solar cookers and biogas designs, since
they are the most appropriate devices needed in the Indian
households. However, transfer of these technologies to
the Indian villages poses a major challenge, Ifgdone
efficiently it will solve the problems of the energy
crisis to a great extent, Unfortunately most of the
researches do not go out of the laboratory and never
reach th; people for whom they were caxried out, Pant
(1983) points out that even though our scientists and
technologists have evolved over the years a variety of
designs of improved chulahs, the problem is to find ways
and means of extending the designs for acceptahce by the
village households. Proper training, extension and demons-—
tration programmes together with continuous résearch and
follow up work will benefit the rural communities by
reducing their energy needs and'also help to solve the

national energy crisis (Gupta, 1982).

Keeping in view the need to extend the smokeless
chulah and other devices to help homemakers in the rural
households, conserve the energy expenditure in cooking,

the present study was undertaken to motivate selected rural



homemakers to adopt better fuel management practices,

with the following objectives?

1. Understanding the fuel management practices adopted

by the rural households,

2. Selecting the appropriate and efficient design in
smokeless chulah, biogas plant solar cooker by

conducting experiments,

3., Motivating the rural families to adopt these

improved fuel management practices and

4. Studying the impact of introducing these techno=
logies in terms of fuel consumption, time '
expenditure and benefits and constraints faced by the
homemakers in adopting the improved fuel

management practices,

The investigator hopes earnestly that the findings
of this study would give an insight into the possibilities
of utilising the available resources, to foster better
fuel management practices in the rural communities and
also offer suitable guidelines for futune research,
policy decisions and actions in the field of 'energy

management!',



II., REVIEW OF LITERATURE

The literature pertaining to this study has been

reviewed under the following broad headings:

A. Energy Scene in India,
B. Improved Cook Stove - Smokeless Chulahs,
- C., Biogas Technology

and D, Solar Energy for Household Purposes,

A. Energy Scene in India

This aspect of the study is dealt with under the
following sub headings:

1. Importance of Energy in National Life,
2. Sources of energy and extent of its availability

and 3, Need for Renewable sources of energy.

"1, Importance of Enerqy in'National Life

Modern civilization depends on the availability and
level of consumption of energy. Human life is dependent on
the constant expenditure and conservation of enexrgy.
Exploitation and manipulation of energy are essential for
man's survival (Simon, 19755 and Ghosh, 1979). The magnitude,
type and nature of use of energy throughout the ages have
determined life styles, economic prosperity, military power
" and the social mover of various countries at different parts

of time (Sethna, 1977). Energy controls our lives, our
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economy, our international relationéhips, our standard
of living and our culture (Odum and Odum, 19715 Devadas,
19803and Raghuraman, 1983). Brink worth (1972) and
Bhaduria (1980) are also of the view that one of the
primary needs for national development is power, Power
is needed to produce things and process them at rates
far beyond the capacity of manual labour, Energy is
considered as the one of the main inputs for rural deve-
lopment (Arokiaswamy, 1978; Bhaduria, 1980% and Iyer,
1985). An energy deficient society is weak and incapable
of adapting to fast chahging environmental conditions,

in comparison to an energy high society.

Energy has many dimensions. To the consumer it is
commodity he buys as gasoline, natural gas and electricity,
to engineers it is the heat for industrial furnaces or the
motive force that powers machinery; to the economist, it
is a key ingredient in national prosperity (Hammond et. al.,

1975).

Energy is present in various forms namely heat and
light radiated by the sun, in the carbohydrates in wood
and plants, in coal, oil, and natural gas, and oil state
and tar sands, geothermal wells, in the wind that sweeps
over the land and sea, the water coursing to the oceans,
and in the atomic nucleus (Culhém, 1975 and Encyclopaedia

of Energy, 1976).
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Energy is used practically in every sphere of
human activity and the process of economic development
calls for increasing use of energy. Devadas et.al. (1983)
stress that energy which is a crucial factor in
technological development has always been the key to
man's greatest goals and to his dreams of a better world,
Since energy being a vital requiremeht for economic
development, it is needed in increasing amounts to
improve agriculture and industiial production and thereby
provide better quality of life (Kaskari, 1975; Rao, 1983}
and Iyer, 1985). Energy in diverse form is needed for
accelerating economic growth and to provide a good
standard of living for the‘people. The four energy
consuming sectors are industrial, agriculture, transport

and domestic (Parikh, 19765 and Kapur, 1979).

2. Sources of Energy and extent of its availability

Energy sources are classified as primary, secondary
and'non commercial, Primary sources include coal, lignite,
natural gas and oil in éddition to nuclear and geothermal
energy. Secondary source comprises coke, gasoline,
kerosene, fuel oil and thermal electricity. Non commercial
sources are bagasse, firewood, charcoal,_ahimal dung,

paddy husk and vegetable and food wastes.

According to Ramachandran (1980), Malhotra (1983),
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Kanawade and Ingle (1984) and Ahsan (1985), energy sources
have been divided into two categories - commercial and

- non commercial. Coal, oil, hydro, nuclear and electricity
are called commercial energy resources, Firewood, crop

waste and animal waste are classified as non commercial,

a. Comnercial sources of Enerqgy

Coal is the most abundant resource of commercial
energy in India today. The present production of coal
and lignite in India is of the order of‘about 114 million
tonnes and 5 million tonnes respectively, But it should
be noted that the share of India's coal reserve is only
about 1.5 per cent of the world's coal reserve (Das, 1983).
The coal which is abundantly available at present will
also be exhausted if it is exploited without any restraint

(Sivanandam, 19745 and Rao, 1980).

0il is a versatile fuel used for a variety of
purposes in all the sectors of economy. The production
target of domestic oil, both on land and off shore for
1984-85 was 21,6 million tonnes, while the demand may

reach a level of 45,5 miliion tonnes,

The total installed power geneiating capacity in
India which was only 2300 MW in 1950, increased to about
32410 MW by 1981-82, During this period the per capita
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annual consumption of electricity also increased steeply

from 18 kWh to 130 kwh (Ahsan, 1985),

Ahmed (1978) points out that during the last 25
years India has been burning larger amounts of energy than
what she has been coﬁéuming earlier. The consumption of
coal increased from 28 million tonnes to more than 78
million tonnes, of oil from three million tonnes to more

than 20 million tonnes, and electricity from 6500 million
kWh to more than 65000 million kWh.

From these trends it has been estimated that in
2000 AD the nation shall require four times the present
availability of coal, twice the present quantity of oil
and about four times the present installed capacity of

electricity (Talwar, 1979).

The Tata Energy Research Institute (1982) indicates
that the demand of total energy during the period 200042001,
is expected to be more than two times the expected demand
in 1982-83. The share of commercial sector is 65,32 per cent
in 1985-86 and it will rise to 71,30 per cent in 2000-2001.
This leads to the conclusion that, the demand will depend
more and more on the non reﬁewable sources which will be

depleted soon.

b. Non Commercial Sources of Energy

The most striking feature of India's energy scene
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is the importance still played by non commercial forms of
energy (Rao and Vaidyeswaran, 19813 Das, 1983; and
Lavasa, 198%5).

Sathe (1982) gives the energy consumption in Rural

India as described in Table I.

TABLE I

ENERGY CONSUMPTION IN RURAL INDIA

Annual
Sl1. Energy amount Percentage
No. source trillion kilo share
calories
I. NON COMMERCIAL
Firewood and charcoal 460 52.7
Dried dung 186 ‘ 21.3
Crop residues 107 12,3
753 86,3
II. COMMERCIAL
0il and natural gas 85 9.7
Coal and soft coke 14 1.6
Electricity ’ 21 2.4
120 13,7

Iotal I and II 873 ‘ 100

v st e o e s v maws S ot et s mmm e e A mew v s wmee ey ewmb ey SR eew s e v e omes
= N = =N =2 N DN S EENmm e N mmmmmaEmEmmmm=Eme=
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The bulk of the energy needs of the kitchens in
rural India is met from non commercial sources like
firewood, agricultural waste and cowdung. Together
they provide 86 per cent of the cooking energy require-
ments, while coal, kerosene and electricity provide only
14 per cent of the energy requirements for cookingh

as described in Table I.

Firewood is the most important non commercial fuel
in India (Kamat, 1982; Desai, 1983; Hoda, 1983; and |
Kodii, 1985). It is obtained from forests, privatély
owned plantations, wood lots, trees from the road sides
and on the banks of rivers and canals, Firewood accounts
for about two thirds of the total energy confribution from
non commercial sources in rural households and about
40 per cent in urban households. Studies on domestic
energy consumption pattern in India have shown that 90
per cent of the households in rural areas, 75 per cent in
the semi urban areas 25 per cent in the urban areas use
firewood for cooking. (Prasad, 1984). Out df the 685
million people in the country 600 millions use wood for
fuel because of its cheap and easy availability (Relwani,

1984),

India's current consumption of firewood per year

is estimated at 133 million tonnes (Jena, 19815 and
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Sharma, 1984). ‘India's forest and non forest lands are
at best supplying 103 million tonnes of fuel wood, with

‘a deficit of about 30 million tonnes (Relwani, 1984),

The crisis will become even more acute with the
depletion of forests which today meet the most basic
need, that is fuel for cooking., In India 68.5 per cent
energy is used in the form of firewood in household
sector and 64,2 per cent of it is collected from natural
sources (Khoskhod, 1983). This heavy demand on firewood
results in depletion ofAforesté which in turn has proved
to be ecologically, disastrous as it leads to floods,

soil erosion and ultimately shortage of water.

The Fuel Policy Committee's estimation of non

commercial fuel is as shown in Table II.

TABLE II

ESTIMATED NON COMMERCIAL FUEL SOURCES UPTO 1991

- wow  mee e e eme  eew  AD mum N mas  mst e e W e e Bew SR e emR e mew  Gws W e e

1 Firewood and
charcoal 132 131 122

2 Cowdung cake 65 65 53
3 Vegetable iastes 46 46 46
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The non commercial fuel resources are dwindling
fast. Agricultural wastes are excess of agricultural
production that have not been effectively utilised. Patel
and Pandya (1979) remark that the agricultural wastes are
utilised in three-ways-fertiliser, fuel and food to the
animals, Agricultural wastes such as rice brén, rice
husk, hay from paddy, cholam stalk sugarcane bagasse, dried
chillies plants, bringal plants, cotton stalks are used
by the families as fuel, The amoqnt of agricultural wastes
available as a>source of~enérgy depends on the extent of

agricultural production and varies with different crops.

India with its large population of cattle, can have'
no difficulty in obtaining adequate supplies of cattle dung
(Pandey, 1982), But unfortunately the animal dung is used
in the form of cakes in the rural areas. (Srinivasan, 1980;
Sivanappan and Subramaniam, 1981). Gautam (1974) points
out that the efficiency of cowdung cake is only 1l per cent

whereas that of the gas from fermented cowdung is 60 per cenﬁ. '

3. Need for Renewable Sources of Energx

Renewable sources of energy are those sources which
nature continuously rehews on its own., They include direct
energy from the sun (solar energy), wind energy, biomass
energy (including fuel wood and charcoal) hydropower, ocean

energy and animal waste, Mankind has used these sources
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from ancient times for his various needs such as drying.
cooking, heating, lighting, mechanical power and trans;
portation. Of the renewable sources of energy, only
hydro energy and geothermal energy are being used foxr
electric power generation in a substantial way. The
other renewable sources continue to be used wherever they

are used, largely in traditional ways,

Several scientists have highlighted the relevance
of alternate renewable sources of fuel for a developing |
country. The sharp increases in oil prices, uncertainties
in supplies, difficulties in producing and transporting
increasing amounts of fossil fuels, environmental degra-
dation caused by conventional fuels are among the factors
which have led India to focus attention on renewable energy
sources, (Ratnam, 1974 Bhattacharya, 19835 Sukhatme, 1984;
Ahsan, 1985, and Dayal, 1985),

The increase in the price of petroleum crudeoil by
the OPEC (0il Producing and Exporting Countries) in 1973
by 300 per cent, made all sectors of population from the
politicians and policy makers to the common man, realise
the urgency of developing alternate sources of energy.
The energy crisis due to the increase in per capita con-
sumption of the population and decrease in fuel supply,
demands that the nation looks for alternate energy sources

(Wilson, 1977).



Babu (1983) opines that frequent failures of
monsoons and non availability of fossil fuel have resulted
in inadequate power supply to the agricultural sector and
calls for a.search for newer sources of energy that will
be cheap and uninterrupted by nature., Bachkheti (1982),
Avinashilingam (1984) and Patel and Dhongade (1984) view
that the problem of non availability and the high cost of
fuel will be grave in the near future, in view of the
expanding industries, increasing population and continuous
depletion of’fOrest resources, Furthermore, scarcity of
electricity, non availability of coal and firewood and
the exhorbitant price of kerosene, call attention to
search for an alternate source of energy (Devadas 'gg. al.,

1983).

Shah (1974) points out that demand for fuel wood
has been rising commensurate with the increase in population,
This demand which leads to an ever faster removal of
trees from the country sides, Thus a dangerous sifuation'
in which the demand for fuel wbod is rising progressively,
while the fuel wood producing resources have almost dried
up. Trees cannot be grown overnight and would take a
minimum of 15 to 20 years before a tree can be felled even

for firewood.

Pal and Kalra (1981) mention that wood is very

rarely available in the nearby forests because of the
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rural development efforts in the-form of roads, buildings
and other amenities for the rural people. Jungles have

also become scarce in the nearby areas because of collecting
wood since time immemorial. Danam (198l1) mentions that |
forests meet the major demand of firewood in the country
side as weli as in the urban areas as other cooking

medium like LPG are not within the reach of common man.
RERIC (1983) reports that the dwindling supplies of fuel
wood is not a question of energy for development but

rather of energy for suxrvival.

Mayur (l980)_warns that if the loss of the forests

(at the rate of 30 million hectares a year), the soil
erosion, environmental degradation and general conditions
of poverty, continue at the present rate, the results will
be catastrophic by the end of the century. In this context
as a protective measufe, the Chipko Movement was born in
1973 in the remote hill town of Gobeshwar in Chamoli District
focussing the attention on the mismanagement of forest
resources. The message of this Chipko Movement was spread
to the neighbouring areas by a journalist, Bahuguna, by
conducting a campaign against deforestation (Bahuguna,
19725 and Agarwal, 1983). Apart from these measures
special guard-squads and mobile courts have also been set
up to combat 'tree-poaching' in legally protected areas

(Eckholm, 1976).
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In order to alleviate this problem, along with
the forest replanting schemes, alternative fuels are also
urgently needed to take the pressure off poor people who
are struggling to find firewood and also take the strain
off the forests (Shanmugam et.al., 1984). At this
juncture, there are certain energy sources hitherto un-
exploited, and appropriate for our rural conditions namely
1. Energy from waste materials, 2, Energy from wind and
3. Solar energy (Behari, 1974; Lakshmanan and Nallathambi,
19803 Ng and Loung, 1982; and Subramanyan, 1986).

As Anand (1983) states that India may be poor in
fossil fuel resources but she is doubly blessed with
sunlight, water, good soil, manpower and an enduring
agrarian economy. The main opportunities lie in the effi-
cient harnessing and conservation of renewable bio-energy
systems sustained by solar energy. Rural India needs con-
tinuous and cheaper sources of energy for development'
through non-conventional energy sources, such as biogas,

solar and wind.

The National Seminar on Energy for Rural Development

(1983) indicates the energy needs in villages as follows:

1. Cooking energy demand = 31,59 x 103 kcals/day/family

2, Enexrgy for cattle feed

preparation = 8.91 x lO3

kcals/day/family
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3. Energy for washing »
cleaning etc, = 1.79 x 10° kcals/day/family

4, Energy spent on

festivals 126.4x103 kcals/year/family

5. Energy required per
farm

447.2x103 kcals/year/farm

6. Energy required for
farm produce trans-
9.3x10°> kcals/year/farm

il

portation

The substitution of fuel energy required for these
sectors can be through demonstration of alternative energy

sources. (Altekar and Sampath, 1977).

The contribution of renewable energies depends on a
variety of factors. Any policy for renewable energy
development will face several constraints which arise in

the context of utilising them on a large scale.

One of the most important constraints in the wider
utilisation of renewable energy systems is the high initial
(capital) costs, The cost of a solar or wind device today
is considerably higher than that of the product based on
conventional fuels. In a country like India, wheie capital
is relatively scarce and where individual earnings are not
high, thié is a deterrent to most potential users of
renewable energy system, For example, the relatively simpler

unité of biogas plants are also beyond the reach of a large
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percentage of farmers (Kodli, 1985). The problem of high
cost of renewable energy systems can only be overcome
through technology improvement, material and manufacturing

development, and a package of fiscal and other promotional

measures,

Widespread utilisation of renewable eneigies will
require a suitable infrastructure for the manufacture,
installation and servicing of renewable energy systems,
Therprobleh of infrastructure development is related to
economic considerations, socio-cultural parameters and
general awareness, Special efforts will theréfore be needed
for the development of infrastructure, ménufacture, installa-

tion and maintenance of the new systems.

An awareness Has to be promoted regarding the newer
techniques which offer more efficient ways of utilising
the renewable sources., A code of solar ethics has to be
cultivated wherever there is potential for the utilisation
of solar energy. Certain habits and cultural practices may
have to be changed if renewable energy devices are to be

used on a wide scale, A few such changes are:

a. Solar cookers require certain cooking schedules
and methodology which are different from existing
'practicesj

b. The sharing of inputs for and outputs from community
installations (such as biogas plants) requires a

certain type of organisation of social structure and
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c. The wind patterns in many areas are such as to
require changes in the agricultural cropping
patterns and schedules if the wind enexrgy is to be

used to provide water for irrigation.,

The spread of modern renewable energy systems is
limited because a large percentage of population is illi-
terate and the peoplé themselves divided into a large
number of languages, affecting the communication process

which is essential for any awareness programme,

The technological constraints limiting the develop-
ment and utilisation of renewable energies include suitable
materials of renewable energy systems. OQut of the renewable
sources of energy such as solar energy, geothermal energy
and tidal power are not yet untapped largely in India
because of limitations in existing knowledge and techniques

(Bose, 19815 and Kandpal and Mathur, 1982).

However, the planheré and policy makers today are
seriously concerned with the problem of energy crisis and
fuel wood shortage. The nation is making concerted efforts
to find alternate, renewable sources of energy to combat
the problem of shortage of conventional and non renewable
sources (Ganger and Balasubramanya, 1983). Tyagi (1984)
and Kodli (1985) rightly suggest that creation of energy
forest for each village seems to be the only alternative

for the rural energy problem.
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Schemes such as 'Social Forestry' including 'Rural
Fuel Wood Plantation' were undertaken in 100 districts in
the Sixth Five Year Plan (1980-85) at a total cost of
Rs.100 crores. The scheme envisaged raising fdel wood plan-
tations near the villages on waste landé, village common
lands and along the sides of the road, canals and railways,
For this purpose free supply of seedlings to farmers foi‘
planting in and around their farms and supply of seedlings
to children to grow fruit Lrees were made under fhe 'A

tree for Every Child Programme',

It is laudable, that at this juncture, India's Prime
Minister, Honoufable Sri Rajiv Gandhi, has proposed to set
up immediately a National Waste Lands Development Board,
-with the object of bringing five million hectares of land
'every year under fuel wood and fodder plantations and to
develop a people's movement for afforestation (Rajiv

Gandhi, 1985),

The Sixth Five Year Plan recognised the importande
of energy conservation and the need to develop new and
renewable sources of energy. The broad approach encompassed

the follqwing objectives:

a. To implement on a large scale, programmes such as
those of energy forestry and biogas where technology
development has already reached a stage which

permits field application,
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b. To carry out field testing and demonstration on a
country-wide basis of technologies which have the
potential to become commercially viable in the

sucbeeding five to seven years and

c. To intensify research and developmeht of other
technologies where the potential is likely to be

available over a longer time.

The programme covered all important new and renewable
sources of energy such as solar, wind, biomass chemical and

geothermal energy and their applications in various sectors.

The government also proposed to promote the wider
utilisation of renewable energy system through various
incentives, subsidies eic. The plan provide Rs!500 million
to be spent on subsidies and supporting facilities for the
establishment of family biogas plants. Government had also
announced exemption of solar, biomass and wind energy devices
from excise duty. Integrated rural energy systems were _
proposed by the Government especially for meeting the needs
of the rural population by taking into account all available
energy resources in an area with particular emphasis on new

and renewable energy technologies (Sapru, 1983),

The Department of Science and Technology is funding
R and D programmes which are being executed by over 40 national

laboratories, public sector undertakings, Indian Institute of
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Technology, Universities and other bodies. The main
objective of the R and D programme would be to overcome
technological and material constraints that are currently
impeding the wider utilisation of renewable energy sources,
to explore newer areas where renewable energy sourées can
make a significant contribution to national development,

io bring down the initial costs of renewable energy devices,
and to develop reliable devices and plants. 1In addition to
these, government has recently esﬁablished a Commission for

Additional Sources of Energy (CASE). The Commission will be,

a, Formulating policies and programmes for development

of new and renewable sources of energy,

b. Co-ordinating and intensifying research and
development activities in new and renewable sources
of energy and

¢. Ensuring implementation of Government's policies
in regard to all matters concerning new and

renewable sources of energy.

The Government has set up specialised centres in
various parts of the country to assist the Commission for
additional sources of energy, in maintaining and updating
the data bank on renewable energy sources, disseminating
technical information, providing technical guidance to
poten%ial users of renewable energy systems and undertaking

projects in the field,
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B. Improved Cook Stove - Smokeless Chulahs,

This aspect of the study is discussed under the

following headings:

1., Need for smokeless chulah in the rural areas,
2, Salient features of Smokeless chulah,

3. Types of smokeless chulahs,

1. Need for smokeless chulah in the rural areas

A majority of the wdrld's population living in
backward areas use cooking devices which are émoky,Aprimitive,
unhygienic and wasteful., They constitute a world problem
affecting simultaneously, housing, fuel economy, health-

physical and mental and forest economy (Perumal, 1983).

The ordinary 5000 years old household open chulah,
has an extremely low thermal efficiency, when food is cooked.
The amount of heat gctually absorbed by the substances cooked
is extremely low, compared to the heat given out by the wood .
consumed during the process. The losses are due to the
unscientific method of burning wood, inefficient design of
the cooking device and uneconomical cooking methods employed
by the housewives (Batliwala, 1983). The improved cook
stoves having a combustion efficiency of more than 15 per
cent. have drastically cut down consumption of firewood

(Hindu, 1985),
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It is estimated that in the open fire cooking on a
traditional chulah, only 5-10 per cent of the potential
energy in the wood fuel is utilised, and the smoke emitted
in the open fire cooking is a serious health hazard
particularly for the housewives and children who are exposed
to the smoke most of the time (Grover and Sharma, 1981;
Prasad and Mandal, 19835 and Salariya and Jindal, 1983).
According to the studies at the East-West Centre in Hawail,
U.S.A., the amount of carcinogenic particles emitted by
smoke fire in enclosed kitchens, can be equal to smoking
20 packets of cigarettes, Smoke from wood burning stoves
and fire places contain 17 major pollutants, 14 known cancer
causing substances and toxic'agents (Kokryhand Muglani,
1980). The misery of cooking on open smoky chulahs has
become a part and parcel of the daily routine of Indian

families,

The kitchen has a definite contribution to make
towards the health and comfort and therefore the happiness.
of the family., Often the Indian kitchens are suffocating
chambers of pungent smoke violently irritating the eyes,
nose and lungs, and also the temper of the housewife., Open,
smoky chulahs needing frequent blowing of fire, and backwalls
dirty with soot; creates an environment, which is unhygienic,
inae§thetic and depressing. About 100 million women of India

spend a quarter of their lives in a gloomy kitchen with
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thick layers of smoke, due to burning cowdung cake and
firewood., Smoke nuisance is a public health problem and
serious health hazard. 'The kitéhen kills moxe than a
sword', is an old German saying. Smoky kitchen is messy,
unsanitary and requires ceaseless attention. For'judging
the health and living standards of people, there is hardly
a better index than the standard of their kitchens.

The system of cooking meals two or three times a
day is a common feature in India. Smoke blackens the
utensils beyond cleaning. Much time and efforts are wasted

in cleaning the utensils (Salariya and Jindal, 1983),

Therefore, improved, well designed, fuel efficient,
low cost and appropriate smokeless chulahs should be made
available to the poor families. By doing so, an effective
solution to the problem of fuel wood crisis, deforestation
process and soil erosion will be found (Indira Gandhi, 1981),
Considering all these facts the improved thermal efficient
smokeless chulahs are the best and cheapest measure to
mitigate the health hazards and the drudgery of rural
women and the most effective fuel wood conservation method

(Pandit, 1983; Devadas, 1985; and Vedant, 1985).

The advantages of smokeless chulahs, have been

enumerated by several authors,
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Smokeless chulah ensures a clean and safe cooking
process, Due to elimination of smoke and soot, the kitchen
will be clean and made a cheerful place for the family to
gather in, The other adjoining living apaxrtments will also
be free from irritating smoke and blackened walls.

(Phadnis, 1983; and Srivastava, 1984)

While based on scientific principles, the smokeless
chulah is simple in design, construction.and.use. It can
be adopted for the needs of the families of different
sizes and income groups, hostels, schools and restaurants,
Smokeless chulah i1s readily adaptable for burning a wide

range of locally available fuels,

Because the time spent in cooking and the drudgery
involved are reduced by using smokeless chulahs, women find
more leisure to be spent on useful income generating
activities, Further-more the construction and sale of
smokeless chulah promotes job_opportunities for rural

artisans,

The study conducted by Social Work and Research
Centre (SWRCL Jagjitpur (1983) shows the following benefits;

1. Reduction in fuel consumptiony effective removal
of smoke from the kitchen with its concomittant impact
on the discomfort and irritation caused to the eyes as well

as reduced time spent on washing blackned kitchen walls,
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Household goods remain clean,
Time is saved in cooking and cleaning of utensils,
Removal of ash is minimised.

Time spent in fuel wood collection is saved.

et.al. (1983), Phadnis (1983) and Srivastava (1984)

the following benefits:

Kitchen is smoke free,

The draft helps in starting and maintaining bright
fire, |

Heat from fuel is more fully utilised the saving of
fuel is about 25 per cent if used properly,

The person cooking is freed from getting scarched
by radiated heat,

Designed to use wood fuel completely,‘

Heat could be controlled,

Makes cooking a cheerful occupation as there is

"no smoke or heat reaction and

designs

Small chips of dried fuel help to start the fire

easily,

The wide spread adoption of improved cook stove

may be an important strategy to help in improving

the environment by control of fire intensity and smokeless

operation (Sodha and Prasad, 198l).
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The usé of smokeless chulahs should be popularised
all over the world specially in villages where the majority
of population lives, The use of smokeless chulah will not
only make the women folk healthier but will also increase

their life span (Salariya and Jindal, 1980; and Pant 1983).

2., Salient features of smokeless chulah

Smokeless chulah incorporates the following cardinal

principles:

a. A closed hearth where the combustion of wood
takes place. This protects the loss of heat
through wind, draught etc,.

b. A multiholed design that makes it possible to prepare
two or three items, simultaneously although only

one hole will feed the fuel.

c. A chimney to provide the draught necessary for
bringing in air for accelerating the combustion
process and also for removing smoke pollution

(Paul, 1983).

The main parts of the 'smokeless chulah' are a
closed hearth, flue and a chimney, The Hearth is the area
to hold the burning end of the wood and the embers giving
the flame enough room to grow and is also called the fire
placé. The flue is the passage providing the heat between

the pot seats, It must be designed to concentrate the flames
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and the fumes at the pot seats before they are carried

out of the stove.

When the flames pass through the pot seats, most
of the heat is absorbed by the vessels on them, As the |
gas is heated it will rise and as a result of an upward
flow, provided by the low pressure area created within
the chimney, it causes the gas to move continubusly upwaxrd
and this flow is known as draft (Sharma, 1983). Against
a satisfactory draft smoke cannot retreat and it is
necessary that no leakage of smoke is allowed between the

pot and the hearth (Joslin and Taylor, 1963).

The chimney is the chief feature of smokeless
chulah to di:ect smoke out of the kitchen. The hot smoke
has a tendency to rise towards a smoke outlet. But when
the heat in it is slowly absorbed, by the atmosphere, it
ceases to rise up. When it is left absolutely devdid of
heat, it becomes denser than éir and being reluctant to
rise up, it whirls round and round with the breeze aﬁd
spreads all over the place, Hence it is essential to keep
the smoke free from outside cold air, until it reaches the
top of the chimney and mingles with the breeze, For |
efficient functioning, the chimney should be erected one

foot above the roof (Patel, 1983).

The features of smokeless chulah mentioned by Raju,

as early as in 1957 are given below:
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1. The chulah should have a simple design with a

minimum of two pot seats,
2, It must be smokeless at the time of cooking.

3. The construction of such an arrangement should

be simple for general adoption in every home.

4, The materials required for its construction

should be locally available.

5, It should be capable of being worked with different
types of fuel like crop stalk, firewood, cowdung

cake etc.

6. There should be provision for cooking on two pot

seats simultaneously.

7. The cleaning of the chulah and removal of ash
from its inner portions must not create any

difficulty.

3. Types of Smokeless chulah

Efforts have been made all over the country to

design various models of smokeless chulah.

a. Two-pot chulahs

A chulah in which cooking operation can be carried
out in two pots simultaneously is called a 'Two-pot chulah',

Some models which have been propagated are described below!
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i, Kaya Stove: This stove is used in Kaya and is made of

concrete sand, a hoop of mild steel rod and angle iron, It
has two pot seats, one behind the other. The pofs are sunk
below the stove top for better heét utilisation, A chimney
made of prefabricated block is used for the removal of

smoke (Gern, 1980) (Figure 1la).

ii. Nouna Stove: This stove is made from bricks, mortar and
mild steel rod., The chimney used is made of fire bricks
and mortar, It has two pot holes, 8 cm. apart. A baffle

is provided under the second pot hole (Figure 1lb).

iii. CASTFORD Chulah: CASTFORD, Pune has designed an

“improved chulah. It has two seats, one directly above the
fire~box. It has a chimney to make the kitchen smokeless,
It is designed to burn fuel wood and animal dung cakes.

It is portable and made from locally available materials

(Figure lc).

iv. Bakshi-Ka-Talab Chulah: The BKT chulah consists of

two pot seats and a féeding mouth., The flue is the passage
connecting the two pot seats., The chimney is made of
galvanised iron and the chimney base is curved sloping towards
the fuel feeding mouth., The cowl is placed on the top to
protect the chimney., Dampers are provided between the

first and second pot seat to act as a control for transfe:

of heat between them and to avoid free escape of smoke,
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The second perforated damper is placed between the second
pot seat and chimney base to retain hot gases for longer
time in flue. The baffle wall is erected at the second |
pot seat so that the flames would strike the pot and the

smoke would find its way to the chimney (Figure 1d).

v. Improved Chulah of BKT Type: Research studies have

been conducted, at Sri Avinashilingam Home Science College,
Coimbatore in the early years' indicated among the three types
of chulahs, namely 'Raju Chulah', 'Samadhan Chulah' and

'BKT Chulah', the BKT type was proved to be the best
resulting of maximum saving of time and minimum fuel

consumption,

The BKT chulah has been studied further and certain
modification were effected, The improved chulah consists
of two pot seats., A two level first pot seat was specially
constructed for baking chappathi; and the second pot seat '
had the same diameter as for the first pot seat. Ash
cutlet opening was made in the side wall, near the grate,
to make removal of ash convenient and to aid in ventilation.
A square metal sheet was used to close the fuel feeding
mouth which could be adjusted to the desired height, to
regulate tﬁe supply of air and then the speed of combustion
as required. Grate was fixed 4 cm, above the base to keep

the wood in an inclined position to supply air from below.



‘Dampers were avoided to minimise the required accéssories
of chulah to avoid complication in construction, Provision
 for hot water simultaneously during cooking was the very
special feature of this chulah, A container was fixed

23 cm. above the surface of the chulah around the chimney,
so that convection currents passing through the chimney
would be used to heat water (Devadas et.al, 1983)

(Figure le).

vi, Nada Chulah: This chulah developed by Sharin (1982)

is smokeless and consumes less firewood., It contains

2 to 3 pots made of mud and bricks (Figure 1f).

b. Three pot chulah

A three pot chulah consists of three pot seats.
One pot seat is generally on the fire box and the other
two are located on the passage of the flue gases, that is

in between the first pot seat and the chimney,

i. Magan Chulah: This appliance was developed by the
All India Village Industries Association at Maganwadi,
Wardha in Mahatma Gandhi's time. The Magan chulah named
after Magan lal Bagri who developed the chulah, This three
pot chulah is made from clay mixed with horse dung/straw/
cowdung, metal grate, metal ringe, a clay pipe for chimney,
collar and cowl. The pot seats are in a triangular con-

figuration and one of these is above the fire box, A damper
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is provided for contrblling combustion and is located
between the first and second pot seats., Risers are provided
in the flue passage to direct flue gases towards pots,

The provision of grate and chimney in this design leads

to better combustion of fuel and also makes the chulah

smokeless (Figure 2a).

ii, Portable Magan Chulah: The portable Magan chulah

consists of ovens that serve as pot seats and a chimney

base and round flues connecting the ovens (Piguré 2b).

iii, Dhauladhar Chulah: Dhauladhar chulah has been designed

by the Indo German teams of scientists at Palampur. It is

a three pot chulah with avchimney. The fire is burnt under
the front pot, which gets direct heat. The other two pot
seats are heated with flue gases, which get out of the
kitchen through the chimney at the back, Two dampers have
been provided to control the draft of air. The first damper,
made in two halves, is fitted at the face of the fire

place and the second damper is fitted at the base of the
chimney. These dampers and the chimney are made from thin
mild steel sheet while the rest of the chulah is made of

bricks and clay (Salariya, 1983) (Figure 2¢).

iv, HERL Chulah: HERL Chulah was developed at Hydrabad

Engineering Research Laboratories, Tiis was also known as
name

'Raju Chulah' in the earlier years,(after the Director of the
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Institute., It was designed as a simple structure built up
of only mud or brick and mud plastered with fire earth., It
consisted of an 'L' shaped duct with one, two or three

holes for cooking pots and an 6pening for the fire wood.

At the end of the duct was an arrangement for a big pot-of
water where the hot gas before going out would be further
utilised thus providing an automatic supply of hot water for
the family., Provision of chimney renders it smokeless., An
adjustable damper between hot water pot and the chimney‘is

used for regulating the draft (Figure 2d).

v, South Division Janagadh Chulah: This chulah resembles

HERL chulah éxcept for anti clock wise flue gas flow, chimney
has been provided for exhaust gases but there is no damper
for control of combustion. (Ahuja and Gupta, 1968). This
chulah design has been fufther improved by National Building
Organisation in collaboration with Planning Research and
Action Institute, Lucknow, and the improved designs has two
pot holes in L shape, a chimney and a damper for draft

control (Figure 2e),

vi, Lorena Stove: This stove was developed by the Appropriate

Technology project of volunteers in Asia in 1976, It is
made from clay, soil, sand, brick, adobe and scrap sheet
metal, This stove has three to five pot holes. One directly

over the firebox and others heated by flue gases. Provision
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for two dampers has been made in this stove, oﬁe for
connecting the mouth of the fire box and first pot hole,
and the second between last pot hole and the chimney. The
risers provided at the bottom of pot holes force the hot
flue gases towards the pots (Figure 2f).

vii, Smokeiess Ghana Stove: The Ghana stove is used

mostly by the people of Ghana. Clay, laterite, sheet
metal, bamboo, reinforcing rods, and scrap tin are used

as raw materials for its construction. It has three pot
holes for cocking. One pot hole is used for warming water,
and one as an oven for baking. Provision of a chimney in
this design makes the kitchen smoke free. The combustion
is controlled by dampers (Salariya and Jindal, 1983),
(Figure 2g).

viii, Samadhan Chulah: The Samadhan Chulah has three pot

seats, with a height of approximately 2.5 cms. more than
the BKT type. The placement of pot seat is not in a straight

line., Plain dampers are used (Figure 2h).

C. Biogas Technology

Literature on this aspect was reviewed under the

following headings:

1. Significance of Biogas Technology,

2. Process of Production of Biogas,
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3. Types of Biogas Plants
and 4, Technical and Operational Problems in the use

of Biogas Plants,

1, Significance of Biogas Technology

Though biogas technology has been known for a long
time considerable interest has recently been generated in
this direction, mainly because of the higher costs and
rapid depletion of local traditional fuel sources and of
fossil fuels (Mayur, 19805 Oblisamy, 19805 and Mathur
et. al 1982). The energy needs of the rural areas can be

easily met from animal, human and farm wastes.

India which has the largest cattle population in the
world, offers a tremendous potential for the development
of biogas. India has 19 per cent of the total world cattle
population and 50 per cent of the total world buffalo population.

The Department of Science and Technology (1981)

gives the following data:i-

Cattle population in India vee 237 million

Average dung obtained per :
animal per day .s. 10 kg. wetdung

Collection rate of dung .0 66 per cent of the total
: population,
Total availability of wet 575 million tonnes

dung per annum,
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Production of gas through the 22425-million

D9

biogas plants : cu,m,

Parmora (1983) says that in India about 303 million
MV¥h of energy as biogas and 368 million tonnes of manure
per year can be produced through biogas planfs from the

available cattle dung alone,

The population of cows, buffaloes and bullocks in
India is estimated to be about 250 million which produce
two million tonnes of wet dung daily. It has also been
estimated that about 82 per cent of the cattledung utilized
as dung cake for domestic cooking in rural areas. If
50 per cent of the cattle dung produced in the couhtry
could be passed through biogas plants, it will save 15-17

million tonnes of coal (Kanawade and Ingle, 1984),

The potential sources for production of biogas are
cattle dung, human excreta, poultry droppings, pigdung,
excreta of other livestock (sheep, goat, cémel, mule, horse
etc.,) crop residues, water plants etc, The total potential
availablé in the country for biogas production from exreta

of livestock is indicated in Table III.
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TABLE III

POTENT IAL BIOGAS  PRODUCTION FROM LIVESTOCK EXCRETA

Total excreta Biogas production

Source P?ggiizig? (million tonnes million
per annum) cu.m,/annum

Cattle 178.8 738 49,500
Buffalo 57.9 , 245 16,500

- Poultry 136.8 3 | 500
Sheep and goat 106.6 12 1,600
Pig 6.4 2 300

. Other livestock 3.3 6 800
1,006 69,200

- 2 S e o a. - ——— S

If all tﬁe available livestock excreta is used for
biogas production the total biogas yield will be 69,200
million cu.,m, per annum, which would be equivalent to 88,8
million kWh of effective electrical energy. Tam and Thanh
(1983) are of the view that the potential of Biogas Technology
in India is appalling, if 1,87,50,000 family size plants
(l.7m3 of gas/day) and 5,60,000 community plants (l42m3/day)
are’completed by 1990, biogaé could supply India with an
energy amount equivalent to nearly 44 pef cent of its projected
electricity consumption and reduce its projected consumption

of coal by 15 per cent and of firewood by 79 per cent,
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Although calculations about the biogas potential
in the country vary, it is clear that wifh proper planning,
the use of bilogas as an alternate cooking fuel could be
encouraged (Sundaresan, 1984), With the cattle population
remaining steady and food grain production rising, the
quantity of crop residues available per head of cattle will
increase which if properly used, would improve dung
production by 50 per cent, This amount of dung should be
sufficient for 5,60,000 community plants of 140 cu.,m. per
day eéch one meeting the needé of 500-600 people and 1800
million family plants of 1,68 cu.m, size. (Science for

Villages, 1983).

Biogas technology is well known to offer fuel,
fertiliser and environmental sanitation. The ultimate
application of this technology in the rural areas will
have far reaching effect in the rural reconstruction efforts
(Biswas, 1976; Biswas, 1977; De Silva, 19795 Hammand, 1979;
Rolz et.al,1979; Aiyasamy and Kombairaju, 19803 Patel, 1980;
Sharma, 19807 Thomas, 1980; Reddy, 19813 Anand, 1983 and
Babu, 1983).

Biogas can be used for cooking and other direct heat
applications, production of hot water, replacement of diesel
for diesel engines, gas lamp with mantle, production of

electrical energy and hot air for driers. The digested
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slurry also serve as a superior manure with its own merits.
(Kamaraj, 1981% Khairoowala and Shankar, 19847 and
Rajput, 1984),

The bibgas programme will have a direct bearing on
minimising deforestation and restore ecological balance,
The benefits arising from reducing and preventing economic
and environmental losses due to indiscriminate use of wood
and loss of plant nutrient due to burning4of dung and crop
residues make it most attractive energy technology for
rural areas (Johal and Shukla, 1980; Rajasekaran, 1980}
Myles, 1982 Subramaniam, 1980, Patel and Patel, 1985).

The biogas programme solves the energy as well as
fertiliser problem and it gives an impetus to rural hygiene
and reduces the drudgery of women folk. (Ganguly, 19805
Mulmule, 1980% Rao, 1982; and Shah, 1984),

The biogas technology has great significance for
formers as they obtain fuel and organic fertiliser from
the same input 'dung'. The digested slurry has a 10-20
per cent higher crop vyield than.undigested manure, (Vimal,
1975; Johal and Saini, 1980). The study conducted by
Indiravathi (1968) pointed out that the cowdung slurry as
a manure proved to be superior to the other organic

manures, (Table 1V).
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TABLE IV

NUTRIENT CONTENT OF THE FARMYARD MANURE VEGETABLE COMPOST
AND COWDUNG SLURRY

Phosporic Potash

Moisture Nitrogen acid

Farm yard manure 15.00 1.3 1.2 2.6
Vegetable compost 10.00 0.5 0.3 0.6
Cowdung slurry 94.00 2.1 1.6 3.5

— o v i et et p  wam  wem wt e it omam b et S i mim wed e ma¥ e et s viap S wd w0 eew
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The percentage of nitrogen, phosphoric acid and potash
was highest on dry weight basis in the cowdung slurry when

compared to the other two manures.

The amount of manure obtained through the gas plant
is 43 per cent more'than pit manure, The outlet slurry
is fully digested and rich in nitrogen and humus and can
directly be applied in the farm (Gondhalekar, 1975}
Padmanabhan, 1978} Garg, 1981; and Parmara, 1983),

Installation of biogas plants leads to advantages

in terms of fertiliser thus

1. It helps in increasing the quantity of manure
by 50 per cent to 60 per cent when compared to

farm yard manure due to .anaerobic fermentation,
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2, It improves the quality of manure by 50 per cent
nitrogen where as the farm yard manure consists
of 0.75 per cent nitrogen where as the manure of

the gas plant consists of 1.5 per cent nitrogen,

3, The manure from the plant is free from offensive

odour,
4, The manure mixes with the soil easily and

5. This manure is rich in humus and improves soil
characteristics, soil texture, structure, water

holding capacity and prevents water logging.

Parmara (1983) estimate that if all the available
cattle dung in the country is properly utilised in biogas
plants 368 million tonnes of manure could be produced

~ahnually.

Biogas plant is an efficient waste treatment plant
contributing to public health, since during the anaerobic
digestion harmful enteric bacteria, viruses and some
intestinal parasites are destroyed. The other health
advantages as Chawla (1975),Saxena (1975), Mulmule (1980),
Swaminathan (1980) and Myles (1982) pointed out are the

following:

1. Improvement in village sanitation since digested
| slurry does not encourage flies and mosquitoes to

breed,
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2. Reduction in eye and lung diseases among women

and children since the gas generated is smokeless,

3. Improvement in cooking efficiency and reduction
in undesired, unwanted removal of trees for fuel

purposes,

Biogas technology can eliminate the drudgery of
collecting and transporting firewood which is a time
consuming job. Cooking time can'considerably be reduced
by 2-3 hours a day. The.leisure hours can lead to more
productive work by women (Eggling et. al.1980; Myles, 1982]

" and Tam and Thanh, 1983).

Bf using biogas, the house wife's work becomes much
more'simple and easy. The gas burns with a smokeless
blue flame and gives more heat than the cowdung cake
(Hézra, 19745 Chawla, 1975; Ragunath, 19747 Mulmule, 1980}
Swaminathah, 19805 and Muthu, 198l1). The conversion of dung
into gas yields a fuel which is six times more thermally

efficient than cowdung.

The smokeless blue flame of the gas has contributed
to the removal of eye troubles, saving of time, lengthening
of cooking utensils, maintenance of cleanliness in the
kitchen and the house, better health of women, durability

of clothes and better care of babies. The saving of time



53

of the women was another advantage which could be devoted
to spinning and other economic activities, thus augﬁenting
their family income., (Moulik, 1977; Muthu and Varalakshmi,
19775 Chittaranjan, 1981; Medhi, 1982; and Roy, 1982).

Along with cowdung other organic waste such as crop
residue, agricultural wastes and weed which are available
in plenty in the rural areas could be used in biogas plants.
The resources that can be used for producing biogas ére
cowdung, human excreta, poultry droppings agricultural wastes
such as straw, plant leaves, algae, bagasse, ground nut
shells, paddy husk etc. Apart from these wastes, cellulosic
organic matter,‘wastes from tanneries,food, industries,
‘paper mills can also be used for the production 6f biogas
(Sharma, 1976, Khan, 1977; Majumdar, 1978; Ganguly, 1980;
Ghose, 1980; and Patil, 1980). Night soil, the organic
waste also could be utilised for the production of biogas.
(Subramanya and Ganesh, 1974; and Muthu and Madhavi, 1977).
The use of farm wastes and other wastes through gobar gas
" is now accepted by the village communities on a substantial

scale (Soni and Patel, 1984),

The studies conducted at Sri Avinashilingam Home
Science College, Coimbatore, by Geetha (1979), Rajani Devi
(1979), Ajitha (1980), Selvi (1980) and Gnanambal (1981)

indicated the possibilities of using garbage and vegetable
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wastes such as greens, snake gourd, plantain, onion and
pumpkin peels, yam, cabbage and beetroot, banana stem,
banana leaves and babana peels, ground nut husk, rice straw,
cholam stalk and water hyacinth for producing gas, It was
proved that garbage in combination with cowdung would yield
more biogas., The installation of biogas plants also helps
in providing employment to skilled and semiskilled artisans

and educated unemployed (Patel, 1980),

2, Process of Production of Biogas

Biogas is a product of anaerobic férmentation of
organic matters sﬁch as éowdung, night soil, poultry droppings
pig manure etc,, and consists of about 60 to 70 per cent
methane, 30 to 40 per cent Coz’and small amounts of other
gases (Palanisamy, 198l1; Myles, 1982; Tam and Thanh, 1983),
Biogas burns with a blue flame, It has a heat value of about
500-700 BTU/ft3 (45006300 kcals/m3) when its methane content
ranges from 60-70 per cent, The value is directly proportional
to the amount of methane it contains, and this depends upon

the nature of raw materials used in the digestion,

The complete anaerobic fermentation process is
depicted in Figure 3. Four groups of bacteria are responsible

for the fermentation, They are described below:!

a, Hydrolytic bacteria - These stabilize carbohydrates,.r
proteins, lipids and other minor components of bio=-

mass to fatty acids, H2 C02.
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b. Hydrogen producing acetogenic bacteria which
catabolyze certain fatty acids and several end

products to acetate H2 and Coz.

c. Home actogenenic bacteria - which synthesised
acetate using H2, Co2 and hyqrolyse multi carbon

compounds to acetic acid.

d. Methanogenic bacteria which utilise acetate, H2

and Co2 to produce methane.

The evaluation of biogas appears to be controlled
by a number of environmental factors such as nature of
materials, temperature, solid concentration carbon nitrogen

ratio, pH range, and period of detention (Gupta, 1977).

a.Nature of raw materials

The amount of methane produced bears a direct
relatibnship to the raw materials used for digestion (Johal
and Saini, 1980; and  Dahiya et.al., 1982). Biswas (1977)
points out that addition of simple energy materials such as
urea, sugar, poultry excreta and‘cattle urine are helpful,
since fermentation and microbial growth depend upon optimal
supply of nutrients, The material which are rich in cellulose
and hemicellulose produce more gas, at the same ﬁime purely

proteinaceous material produce low gas (Myles, 1982),

b, Temperature

The optimum temperature range for biogas production
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is 30 - 35°C, though the micro-organisms producing methane
can work, in a wider range of temperature from 15°-50°C.
If it is lower or tends to fluctuate, gas production will

drop severely (Warner and Chawla, 1981),

¢. Solid concentration

Parmora (1983) views that the gas generation from
biogas plant is dependent upon the concentration of solids
in the influent slurry. Seven to nine per cent of the total
solids concentration in the slurry, causes optimum gas '

production,

d. C[N ratio

Parikh and Kakalia (1978) point out that the carbon
and nitrogen ratio is the main factor in digestion.
Sathianathan (1975) remarks that the bacteria need both
carbon and nitrogen in the proper ratio as carbon content
is important for high yield of methane and nitrogen is
required for the growth of bacteria. The ratio of carbon
to nitrogen (C/N ratio) by weight should be about 30:l, as

bacteria use up carbon 30 times faster than they use nitrogen.

e. pi

The bacteria perform best in neutral to slightly
alkaline media. The pH optimum has generally been found

to occur between 6.7 - 7.4 and pH values below 6 or above
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‘8 are very destractive as indicated by Kapur (1980) and

Myles (1982),

f. Detention period

'The detention period is the time for which the
fermentable material stays inside the digestor, Patel (1980)
observed that in India, using mainly continuous feeding
the detention period of 50 to 60 days is required for optimum

gas production,

g. Toxic Substances

Ragunath (1974) reports that adding the residues
of crops that have been treated heavily with organic pesticides
‘and other chlorinated hydrocarbon may inhibit the gas
production. The bacteria can easily be poisoned by adding
too much of soap, acid, or other chemicals which automatically

retard the gas production (Warner, 198l1).

Among the different parameters the temperaturé»is
the most difficult to control., The brocess stops when the
temperature drops below lOOC. This is a major technical
constraint for the cold regions. Waste materials such as
cattle, sheep and horse dung have a C/N ratio near the optimum
value but human exreta and poultry waste have a low C/N
ratio and these sources should be mixed with materials of

planttorigin to bring the C/N ratio to an optimum level.



The longer the time, the larger is the volume of gas

produced from a given amount of waste,

3. Types of Biogas Plants

The biogas plant is an air tight container which-
facilitates fermentation of organic materials under
anaerobic conditions. With the émphasis on biogas: much
experimentation is going on in different parts of the
country to design plants which would be more efficiqnt

and be acceptable to small farmers,

Myles (1982) classifies the biogas plant designs

as follows:
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The Department of Science and Technology (1981) describes
six biogas plant designs available in the country evolved

by the following organisations.

. Khadi and Village Industries Commission (KVIC).
Planning Research and Action Division (PRAD),

AMM Murugappa Chettiar Research Centre, Madras (MCRC),
Tamil Nadu Agricultural University, Coimbatore (TNAU),
Indian Agricultural Research Institute (IARI),

o ON W

. Cell for Application of Science and Technology to
Rural Areas - Indian Institute of Science, Bangalore

(ASTRA) .

1. Khadi and Village Industries Commission (KVIC) -~ Biogas

plant with movable gas holder

This is one of the most common designs presently in
operation in India. Figure 4 shows the design. It has a
movable cylindrical gas holder on top of the well shaped
digester., The biogas produced in the digester due to
anaerobic fermentation rises vertically it being lighter
than air and gets accumulated in the gés holder., The gas
is stored in the holder at a pressure of 8-~12 cm. of water
column, This much pressure is more than énough to convey

the gas to a distance of 50-100 metres, when the valve 1is.

openeéd, The gas holder is designed to store approximately

50 per cent of the daily gas production. Therefore, if the
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gas is not used regularly, then the extra gas will bubble
out from the sides of the drum over the water, This

plant is considered most ideal for continuous flow digestion,

2. Planning Research and Action Division (Fixed Dome Biogas

Plant)

The fixed dome giester is commonly known as the
'Chinese digester'. This can digest plant waste as well
as human and animal waétes. it is usually built below the
ground level, making it easier to insulate in cold climate.
The gas holder is an integral part of the digester, Being
a fixed dome, the pressure is variable, varying from O to
150 cm., of water column, Special skills are required for
its construction., InVIndia,‘a modified fixed dome plént
has been developed to work as continuous flow digester and
is commonly known as the 'Janata (people's) plant', While
the Chinese plants have more holes provided on the top for
occasional clearing of sludge and digested mateiial, the
Janata plant has a completely closed top and the digested
material in the form of spent slurry goes out autbmatically

from the outlet chamber (Figure 5).

3, Murugappa Chettiar Research Centre, (MCRC) Madras

(*JWALA' biogas plant)

_ The 'JWALA! biogas concept of MCRC uses a Low
Density Poly Ethylene (LDPE) geodesic baloon as a storage
element (Figure 6), The 'Jwala' design is an attempt to
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hybridise the good features of the Indian and Chinese
designs. It is a closed type variable pressure plant

with a divider wall similar to the one used by the KVIC.
The PVC dome is used to collect the gas and provides a
large dead space., The off take of gas is possible only
when a positive pressure develops after the PVC rises to ifs
full extent. It also appears that the spaée for the
displacement of slurry is too small., Umesh and Seshadri
(1981) narrate the specific advantages df the 'JWALA'

design as

- It is least expensive,

- It can be fabricated locally,

- It can be constructed even by men with average
skills.

- The baloon material can be carried to any remote-
place in a small bag.

- The gas holder is easily removable and replaceable

for cleaning‘purposes.

- The LDPE sheet for gas holder solves many problems
encountered in other designs, For examplé,
painting of the mild steel drum in the KVIC design
or the requirement of highly skilled, personnel
to construct a gas proof masonry dome in the
‘Chinese design are totally eliminated in this

désign.



O/

4, Tamil Nadu Agricultural University, Coimbatore (TNAU)

To alleviate some of the préblems encountered by
the conventional units such as rusting of the gas holder,
choking and drying up the digester, marked fall in gas
production in winter, static structure involving excavation
of soil and spoilage in masonry construction involving
brick, cement, and labour and problems in slurry disposal
as the structure is below ground level, the TNAU designed
a Mobile Biogas plant of cylindrical and cubical shape.

a. Cyclindrical

An oil drum is taken in which three holesrare made
two at the top and one at the bottom. At one of the top
holes, a funnel is fixed to feed an influent slurry.> A
gate valve is fitted beneath the funnel to close the opening.
A gate valve is attached to the other hole to regulate the
gas, The effluent slurry can be removed through the bottom
hole which is closed with a lid., A stirrer is fixed at
the other end of the drum to mix cowdung with water

(Figure 7a).

b, Cubical

Ten gauze galvanised iron sheet is used to design
a cubical, shape mobile biogas plant, Upto 2/3 height from
the bottbm, a partition wall made of iron sheet is fixed
in the middle. Each compartment has the capacity of 400
gallons. In one compartment, a tube is fixed to feed

cowdung and water and at thé other end, 15 cm, below this
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tube height, another tube is fixed to remove the spent
slurry. At the top of the plant, the pipe line is fixed,
To cleah the plant, two exit tubes are fixed at the bottom,
For each compartment, a stirrer is fixed to mix the

slurry (Figure 7b).

5. Indian Agricultural Research Institute (IARI) Model

This is similar to the KVIC and appears to have

been used only at few places in Delhi,

6. The ASTRA Design

This is a modification of the KVIC design, with a
lower reténtion period (35 days) and with the dimensions
of the digester and.the gas holder optimized for minimum
cost. Forty per cent of cost could be saved in constructing

this type over the KVIC model,

Several innovations have been made in the design of
biogas plants to suit the area and to bring down the cost of

construction. Two such designs are described here,

KERAGRI - HORIZONTAL Type Biogas Plant

A horizontal type biogas plant has been developed
by the Department of Agriculture (Nodal Department of Kerala
Biogas Development) exclusively for high water table areas,

water logged locations, and areas even below sea level like
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Kuttanad (Figure 8). The earth column in such area is so
thin that a biogas plant of the conventional Dome (Janatha)
or Drum (KVIC) type is difficult to construct and has also

proved unacceptable to the cultivators.

The new model requires relatively lesser depth.
Covering of thé dome part with earth, will not create

problems nor these need be any fear of sinkage.

At the outer opening, a concrete slab is fixed foi
maintaining the necessary gas production volume for the
methanogenic action. The partition is at a distance of
one—~third the length of the digester length from the inlet
opening to facilitate and complete acid and hydrolysis
phases. In the partition wall it is proposed to give a
removable slab of one inch thickness in the centre portion,
so that it can be removed in case of necessity., 1Inlet and
outlet tanks are also given sufficient volume to accommodate
the slurry rise due to the pressure of gas produced inside

the digester chamber. (Panicker, et.al,, 1985).

Ranjan (Mudjax) biogas plant

The centre of Science for Villages Wardha has developed
a low cost biogas plant known as Ranjan (Mud-jar) biogas
plant (Figure 9). The plant costing one fourth of the
traditional ones, has been designed for the requirement of

a family of five. The plant is a battery of 8 to 10 Mud«jarsr
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of 300 to 400 litre capacity. It has to be fed with 40 kg.
of cowdung mixed with an equal amount of water per day.

The first and the last mud pots are connected with smaller
mud—jars for entry and exit of the cowdung slurry. These
are placed at the ground level, while the bigger jars‘are
embedded with three fourth of their height below the ground
level, The jars are closed at the top and fitted with a 'T!
tube to connect rubber tubing for gas transfer at the
middle height of the jar. The slurry movement 1is inter
connected with mud pipes of 3 inch diameters. All the
componenté of this plant except the tubing can be produced
by the villages potter and the assemblage done without the
help of the mason. The plant can produce 50 cubic feet
of~gas which is sufficient for cooking on one gas burner
for about four hours, It costs only'Rszéoo/- (Science‘

for Villages, 198l1).

A}

4, Technical and Operational problems in the use of Biodgas

plants

The most frequent technical problems were corrosion
of gas holders and pipelines owing to rust, seasonality
of gas output, frequent break down of the central guide
pipe and buréing of the hose pipe, cracking of digester
wall, formation of écums, hindering the release of the gas
holder, choking of inlets and outlets of gas plants

resulting in disturbances to the flow of gas, accumulation
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of water in pipe line and non availability of the optimum
level of water and dung resulting in improper loading

of the digester and reduced efficiency (Patel, 1977).

Singh (198l1) indicatesthat the primary reason for
the failure of KVIC design arises from the fact that
biogas contains small quantities of hydrogen sulphide
ammonia which carrodes the metallic gas holder causing
gas leakage, Further as Nagar (1976) states the digester
cover is usually made of steel and corrodes easily as it
it is in constant contact with the toxic substances
present in the atmosphere and in the slurry. Alternate
materials like fibre glass, ferrocement, galvanished iron
and plastics or high density polythene, glass reinforced
polyster sheets etc., may be used as substituted materials
for the gas holder, Ferrocement, reinforced polyster,
treated wood, plywood, plastic polythene with bamboo basket
reinforcement etc,, have been tried for the gas holders,
But none haé proved to be a suitable replacement for

mild steel;

KVIC has suggested both mechanical and chemical
treatments to partially overcome the problem of corrosion,
In mechanical treatment, daily cleaning of scum around the
holder is suggested. Whereas the chemical treatment involves
coaiing of synthetic enamels., This leads to an increased

maintenance cost (Sathianathan, 1975).



Biswas (1977) states the non availability of
appropriate and efficient designs of biogas burners and
lamps is a major constrain in biogas utilisation, Because’
of low pressure the distribution of gaS'fb distant sites
poses problems. House made burners lead to inefficient

use and more consumption of gas.

Verma (1978) mentions the problems of heavy gas
reduction or sometimes even no gas production due to iow
temperature at northern region., Patel (1977)and Venkatappa
et.al. (1981) state that the mal nutrition of the cattle
has been the major constraint adversely affecting the

quality as well as the quantity of the dung,

The socio economic problems faced are prohibitive
cost of plant and cattle requirement for the poorest
section lack of backyard space owing to the residential
patterh in villages, difficulty in dung collection because
cattle are geared in open areas rather than in fenced
areas, lack of water souxrces near the plant and difficulty
in connecting latrines with the plant because of their

being away from the home (Patel, 1977).

Rajput (1984) gives an elaborate list of operational

problems, their causes and remedies, They are given below,
L
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This knowledge is essential to forecast the various detrimental
factors and guide the people desirous of adopting biogas

technology.,

D, Solar Energy for Household Purposes

This part of the review consists of the following

headings:

1. Significance of Solar Energy,
2. Solar Devices for Household use

and 3. Constraints in Using Solar Energy.

1, Significance of Solar Energy

'Let the world focus its constant attention at the
centre of the planetary system where the Sun, the supreme

power of the universe resides' (Rig Veda).

The idea of utilisation of solar energy is not new.
In 212 BC, Archimedes set fire to the Roman fleet by concen-
trating the sun's rays on the ship using hundreds of mirrors,
Solar energy production by fusion ieaction was first suggested
by Atkinson and Houserman in the year 1929, Latei in the
year 1939, Bathe; gave an alternative method of obtaining
fusion energy (Ramaraju, 1978; and Devanathan, 1979). The
Encyclopaedia Britannica of Energy (1976) defines solar
energy as that energy transmitted from the sun in the form

of electromagnetic radiation,
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Venkatesan (1978) states that right from the origin
of the solar system, the sun has dominated the scene and
played a central role in activating life on earth, The
ancients in India considered the sun as the creator,
sustainer and destroyer of life on earth (Clark, 1977 and
Sethna, 1972), Sun is the primary source of all forms of

energy on the planet (Khan, 1974).

Solar energy which is available in plenty, is the
oldest form of energy and the most important answer to the
present energy problems facing the world. (Bhusan, 1977;
and Kapur, 1979). The éun is an unlimited source of power
and has inexhaustible resource of energy, which will last
as long as the solar system exists (Daniels, 1974; Gupta,
19787 and Narayandas, 1980). Unlike finite fuels, sunlight
is a flow and not a stock (Hogan, 1978; and Nadkarne, 1979).

Since the beginning of this planet earth the sun
has given nearly all the energy needed. The sun supplies
20,000 times as much energy as man consumes from all sources
(Bhide, 19785 and Devadas, 1980). Among the hajor energy
sources available, solaf energy is basic to man's very
survival on earth. It satisfies three important requirements
of any energy source. (i) It is plentiful, (ii) potentially
inexpensive and (iii) its utilisation has little impact on
environment. (Kurusunogalu, 1974 Kiely, 1979; Venkateswaran,

1979 Broda, 1980°% and Rao, 1983).
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Solar energy is one of thé time dependent and inter-
mittent energy resources. This renewable source of energy
is available directly from the sun in the form of radiant
energy. It is available indirectly, in the form of stored
energy in biomas;, heated water, hydropower and wind energy
(Miller, 1983; and Nair, 1984). Solar energy is available
~abundantly and freely during the day time,

Though the sun is at a distance of 149 million kilo-
metres from the earth it takes only 8 minutes to travel the
distance since the velocity of light wave is 3 x 165 kilo~
meters per second. The intensity of the beam is 1,94 cals/

. sq.cm/min, This value of solar radiation is edual to

1359 watts/sq.m. This value of solar radiation'outside

the atmosphere is known as solar constant. This constant

can be evaluated at any desired place by experimental methods,
An open area receives about 601 kcals. of solar heat per
square metre in one sunny hour., This is almost equivalent

to the burning of 100 gm., of coai (Ramaraju, 1978).

The solar radiation reaching the earth's land surface

18

annually is equivalent to 0.26 x 10 kWh compared to the

present world power consumption of only 4.9 x 1013 kWh,
Hence it is obvious that solar energy can meet not only the
present but even all the future energy requirements of the

world (Datta, 1974).



82

According to Bhide (1978) and Rajiva and Vats (1979),
the total annual incidence of solar energy in India is of

17

the order of 6 x L0’ kWh, Vasudevan (1982) mentions that

the amount of energy reaching. the upper atmosphere in a
year is 5 x 10233. But only 40 per cent reach the ground,
which is ten-fold the known fossil fuels reserves, the rest
being reflected, scattered or absorbed., As stated by Khan
(1974), the earth receives about 1,311 trillion (10%8)
kilocalories of energy annually from the sun., There is

an abundance of free energy left, roughly one kilowatt per
square meter on the earth's surface, which is much greater
than any of man's foreseeable energy needs. It has been
estimated that every square kilometer of the equatorial

line on the earth receives every year approximately l.5>¢109.
kWh of incident solar energy (Kapur, 1982). As per an

estimate, this everlasting energy will satisfy man's current

energy needs for nearly 7000 years.(Vasudevan, 1982),

Nair (1984) points out that solar power is abundantly
available even in regions remote from the source of fossil
fuels, It is essentially a nondepletable source of energy
in comparison with fossil fuels and nuclear fission power
and it is cost free in its original radiation form. The
need for transporting the energy is avoided, if solar energy
is utilised lOCally. Solar devices hold promise for the

developing world as well as for the economically developed
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world, Since solar power burns no fuel, it causes no air

pollution.

India receives substantial quantities of solar
radiation. The number of sunny days in the year is high.
The annual average intensity of solar radiation in India is
600 calories/cm2/day. The solar radiation in several
cities in India as given by National Committee on Science
and Technology is given in Appendixrl. The maximum, minimum
and average solarAradiation in some locations of India are

given in Table V (Manorama year book 1983).

TABLE V

AVERAGE SOLAR RADIATION IN SOME LOCATIONS OF INDIA

wn  swms W WM em W e M R AN B  GER R GEN  GRE A G Gl W BNR M  GE goe TR W s ewe e wee

we  wm  mm e e ke 6 e RS A3 N @) W es @M e SR eur e D

Max. Min. Average
Madras 765 606 720
Bangalore 746 562 668
Bombay 795 542 701
Calcutta 817 501 681
Delhi 827 421 655

Srinagar 738 239 631

P T T I T T e T S e S
=D DN D e RS SR e S s s s mEmemEsmSmEe=
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The minimum radiation occurs in December and for most locations
it is about 500 cals/ sq.cm/day. The intedsity and dis-
tribution of solar energy are favourable for its use in

India.

Even if a minimum of 10 pei cent of the total solar
energy.recéived is properly harnessed, the energy requirements
of all nations could be met, by the year 2001 AD (Rele, 1978).
Though idéntified as the earliest source of energy by man,

solar energy is the least exploited so far (Paul, 1977).

In most part of the country in India there are between
2%0-300 days of useful sunshine per year. The Indian sub-
continent receives 3300-3700 hours of bright sun shine in a
year working out to an average of 7-10 hours per day, showing
the enormous potential of utilising the solar energy

(Shanmugam et. al.,1984).

Ironically when fhere is abundance of solar energy,

. the whole world, particularly in India, why is there the
grim of enetgy crisis?. The energy crisis affects the
developing countries seriously because they need energy not
to keep themselves in any luxury but to give the people the
basic minimum., The increasing demand for'energy, escalating
0il price, fast depletion of fossil fuels, unchecked defore~
station and exponential population growth have directed the

‘attention of scientists, technologists, economists and
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administrators to concentrate on developing alternate
energy resources that are low cost and pollutibn free,
Solar energy meets these requirements (Spears, 1978}

and Jayaraman, 1984).

This renewable, non polluting energy source is so
pervasive and diffusive that it can be harnessed most
economically on a small scale to meet the needs of
individual families (Batra, 1977). In the wake of.the
energy crisis, therefore, solar energy seem to be the most
promising source to meet the energy requirements
(Veziroglu, 1976 Bhattacharya, 1983, Rao, 1980; Peter and
Alikhany 1984). The utilisation of eternal sunlight will
help to improve the standard of living of families by
reducing their expenditure on fuel (Devadas, 1980).

In India the household sector alone consumes about
11 per cent of the total energy consumption, out of which,
cooking enexrgy demands a major share, The conventional
energy sources such as firewood; dry vegetable wastes and
cowdung cakes are most used by the rural sector for cooking
purposes, But biomass has been put recently to many other
conversion possibilities, These have led to domestic fuel
crisis in the country. Scientists prophesy that utilising

solar energy for cooking can solve this problem to some
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extent (Alvim and Alvim, 1980jand Sharma, 1984). According
to Gupta (1974), Culham (1975) and Pichai (1984) solar
energy shows promise of becoming a dependable energy source
without new requirements of highly technical and specialised

nature for its wide spread utilization,

Devadas. (1980), Meena (1982) and Bose (1983) have
pointed out that solar energy offers a practical solution
for the household energy problem which is clouding the
prospects of humanity. According to Behrman (1979) and Mannan
(198l) solar energy can make a substantial contribution

towards fuel needs requiréd for cooking,

The non polluting ecological nature of solar energy,
its abddance and availability at the point of use, are
factors particularly relevant to the current search for
newer sources of energy (ic Veigh, 1977; Paul, 1977;
Thiayagarajan, 19803 Garg and Bandyopadhyay, 198l1). Accordiﬁg
to Venkatasubramanian (1983), solar energy is an imperative
source with an average intensity of 450 cal per sq.cm, per
~day. This inexhaustible and pollution free energy is the _
best and ready alternative to domestic fuel, if harnessed through
solar cooking devices, Solar energy could be a boon for
Indian villages particularly the ones situated away from the
industrial centres, Pumping irrigation water, drying and

proceésing agricultural producté, producing potable water
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from brackish water, cooking, lighting and entertainment
are some of the important fields of solar energy appli-
cations for rural areas, which need to be given priority
in the developmental efforts (Garg, 1977, Kreider and
Kreith, 1977, Kothandaraman, 19803 Til, 1982jand Mathur
et. al,1983).

2. Solar Devices for Household Use

There are many gadgets to trap and utilise solar
energy. Some devices are directly using the solar radiation
to heat the water and cook food stuffs, Some devices are
converting heat energy into mechanical energy, for performing
certain useful domestic and industrial'services. The

conversion of solar energy is possible through the

- Use of low grade thermal devices'which use heat
from the sun.
- Direct conversion of solar energy into electrical
energy.
- Bio Chemical conversion of solar energy into trans-

portable fuels. (Mannan, 1981).

Pichai (1984) list out the viable applications of

the solar energy as,

a) Strengthening and improving the knowledge of climatic
factdrs in the various regions through better use of water

~and sunlight using pumping and distillation equipment,
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b) Storage and preservation of agricultural produce

using solar drying, cooking or refrigerétion equipment,

c) Development of fisheries using solar drying and

refrigeration, and

d) Development of food technology using new techniques
in processing the food and agricultural produce via rural

industries employing solar heating or cooling and power units,
Thus broadly speaking solar energy could be used for

a) Domestic purposes and

b) Commercial and industrial activities,

a. Solar Cookers

Solar cooking is a techhique designed to deliver
solar heat to foods, for the purpose of raising the temperature
and causing to cook (Halchy, 1963), Solar cooking is a science

as well as an art which is to be mastered by experience,

The basic difference between conventional cooking
and solar cooking is that in the formexr the heat is trans-
ferred to the whole mass of food by convention currents.

In solar cooker the heat is supplied from the top of the
cooking utensil., This heat is conducted to the utensil
and thereby to the food material. Very less heat is trans-
ferred from the absorber tray to the bottom of the utensil

(Vaithilingam, 1984),
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There is no need for fuel collection or lighting,
and safety is assured. The solar oven uses metallic wings
to reflect sunshine through a double glass cover into an
insulated and blackened box. If the oven is kept pointed
towards the sun during the midday hours, the interior
temperature attains readily a temperature over 100°C which
is considered adequate for cooking operations (Bhide, 19783
Department of Commerce, Government'of India, 19805 and

Rai, 1980).

Several types of solar cooking devices for food
preparation are available in India and in other countries,
However its usefulness depends upon the availability of
sunlight, the angle of solar radiation, atmospheric dust and

moisture and the actual number of days of sunshine,

Thiruvengadam and Ramamoorthy (1983) mention that

there are three common types of solar cookers:—

1, Direct concentration type of solar cooker where the

cooking pot is placed at the focal point.

2., Indirect type of solar cooker, where the radiation
after reflection enters into an insulated box in

which the cooking pot is blaced.

3. Advanced solar cookers where the heat from the focal

point 1is transferred from elsewhere.
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Sankaranarayanan gﬁ,g&.(l983) and Meena (1984)
points out that in India efforts have concentrated on
three main types of solar cookers namely simple hot box
type cooker, oven type cooker and a cooker based on
concentrating solar radiation by paraboloid mirror

reflector which directly heats the cooking vessel.

i. Box type cooker

The box type cooker is also known as 'hot box type
solar cocker' (Brink worth, 1972; and Ramaraju, 1978),
'Stove type solar cooker' (Ghosh, 1977), 'flat top solar
cooker' (Vijayaraghavan, 1984) and 'Flat plate type of
solar cooker' (Parikh and Parikh, 1984),

The box type cooker (Figure l0a) is one in which
sdlar energy is trapped in a shallow box., It consists
of a 10 to 11 cm., deep metal tray with sides, 45 to 50 cm. in
length and breadth. This tray is covered, with two glass
sheets at the top and is insulated from all other sides.
The frame carrying glass cover acts as a lid. The food is
cooked in shallow blackened containers which are placed in
the shallow box. On good sunny days, it takes 2-3 hours
to cobk rice and dhal, Hence this cooker can be used to
cook, day time meals on sunny days. The reflector is

provided in such a way that it faces sun and directs solar
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rays into the cooking box in order to increase the solar
- radiation, This box‘type cooker improves cooking effi-
ciency over the simple box and can cook two meals a day
on bright sunny days (Myles, 198l; Mannan, 19815 and
Vaithilingam, 1984).

In a 'Hot box type solar cooker (Figure 10Ob) a
reflector, making an angle of 60°C with the glass plate
directs the solér radiation on the glass plate., It requires
about one hour solar explosure for the chamber to attain.

an equilibrium temperature.

The stove type solar cooker (Figure 1Oc) is made
by using wood and glass panes, Temperatures upto 120°C
have been obtéinéd in its insulated cooking space enclosed

by two horizontal glass panes and a mirror reflected,

Low cost solar cookers designed by Gupta and
Vasudevan (1983) with locally available materials are also
available for food preparation., Temperatures upto 105°C

to 115°C have been obtained in these box type solar cookers,

The box cooker with a single reflector has many

desirable features (Mannan and Cheema, 1982):—

1. Loading and unloading of food from the top thus

making all the cooking space easily available,
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2, Shallow cooking box, thus reducing heat loss

area,

3. Always horizontal position of cook box thus
eliminating the chances of spoilage of food

during loading and unloading.

4. Simple design which is also easy for trans-

portation and storage.

ii., Parabola Cookers.

Parabola cookers are also known as 'Parabola dish
type cooker; (Mannan, 1981} and Myles, 1981), 'Solar
basket' (Brink worth, 1972), 'Arthur's Model of a solar
cooker, Ramaraju (1978), Focussing type cooker (TNAU,

1984) and Umbroiler i.e., Foldable umbrella type solar
cooker' (Halchy, 1963 and Ramaraju; 19785 and Murthy, 1982).

In dish type cooker (Figure lla) solar energy is
concentrated by using parabola dish reflecting surface.
The refiecting surface is made either by using polished
aluminium segments of appropriate shape or by pasting shining
plastic film (Nylon) on suitably shaped substrate material
or by some other suitable method, The reflector is mounted
in such a way that it can be adjusted easily towards the

sun every 10-15 minutes. The vessel containing the food
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to be cooked is placed at the focal spot of the reflector. .
High temperature is attained in this type of cooker and
therefore almost everytype of conventional cooking can

be done using this., It becomes unnecessary to stir and
examine the food to be cooked quite frequently. The
quantity of heat delivered to the cooking pot is propor-
tionate to the diameter of the reflector (Myles, 1981;

and Mannan, 1981).

The solar basket (Figure 1llb) is the parabolic
solar cooker which consists of a big deep basket covered
~with aluminium foil and mounted on three poles, Ravindra
(1981) mentions that sun basket is an answer to the poor
man's energy crisis. He further adds that solar‘baskef
is made out of locally available resources, saves the time
spent in collecting fuel, provides safe, uniform heating

and hygienic cooking with no hazards of smoke and fire,

GeoffAArthur's model of a solar cooker (Figure 1llc)
;s'a topless box of two and a hélf metres square, A
parabolic curved sheet of metal is fixed inside the box.
Eight tiny mirrors of the size of button are fixed on
the curved sheet to focuss the sun's rays to the centre of
the box where a metal tray holds a food to be cooked. The
metal tray is placed on gimbals so that at any position

the tray is kept horizontal.
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The foldable umbrella type solar cooker will be
- useful for a picnic party, Easily packed in a box for
transporfing, it can be set up in a minute and in about
25 mts in bright sunlight one can cook a'meal (Halacy,

19635 Ramaraju, 1978, and Murthy, 1982).

The focussing type cooker may have mirror or

metalysed polyester reflector,

iii., Solar oven

The National Physical Laboratory, New Delhi
developed an oven type cooker in 1950. This type utilises
plain glass sheets to focuss the reflected solar radiation
inside a closed metal box, The temperature in the blackened
bdx can be raised-to a temperature of aﬁout 250°C on a
clean sunny day. This cooker is suitable for cooking rice,
dhal vegetables etc,, for making cakes and biscuits

(Ratnam, 1974% and Rajadhyaksha, 1980).

It is also known as conical reflector type solar
cooker (Figure 12). This system consists of eight silvered
sheets of glass. Cooking vessel is pléqed in a glass chamber
and painted black at the bottom surface. Hot air surrounding
the cooking vessel accelerates cooking. This device can

atta;n a temperature of the order of 200°C (Ramaraju, 1978).
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As mentioned by Mannan (1981), the solar oven uses
a number of reflecting surfaces arranged in a conical
fashion so that the solar energy input in the cooking zone
is 2-3 times more compared to simple box design, Hence
the cooking time is considerably reduced compared to that
of box type cooker, This type of cooker needs to be |
adjusted towards the sun after every half an hour. Maximum
temperatures of the order of 150°-200°C have been measured

in the cooking zone during noon time,

A new solar oven with a looking glass reflector
designed by CAZRI (Central Arid Zone Research Institute,
1977) is also available for food preparation. The maximum
temperature reached is 350?3in summer and 250°C in winter.
All types of foods can be cooked with this solar oven.

Its performance is not affected by wind., It does not

require frequent adjustments towards the sun,

Metcalf and Logvin (1981) point out that solar box
cooker (SBC) is far superior to the‘solar cooking devices
previously developed such as Hot Dog Cooker Parabolic
Concentrator and Slant Faced Oven. According to these
invesﬁigators, these devices could hold only small amounts
of food, were poorly insulated and needed constant refocussing.

‘Moreover they consider solar cooking with a box cooker is
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easier than conventional cooking because it requires

less total time and effort,

b, Solar Driers

The oldest traditional application of solar energy
is making use of the sun's héat for drying paddy, grain,
corn, fish, chillies, tea, coconuts and other products.
(Jena, 1981). The customery technique is to spread the
food items on the ground and expose them to solar radiation.
The products to be dried are turned up regularly until they
are sufficiently dry to be stored for future consumption

(Palaniappan, 1984).

"Solar drying is one of the most simple and inexpensive
means of low grade utilisation of solar energy. (Kaushik
et. aly1983). Solar drying in enclosure is to control the
process and enhance product qﬁality may result in improved

utilisation of food stuffs (Kaskari, 1975).

The solar drier is essentially a hot box insulated at
the base and covered with a sloping transparent glass roof
absorbing directly solar heat. Radiation drieis have a
common space for’collecting solér énergy and for drying
the product., Perforations are provided at the bottom and
top of the space to allow for ventilation of evaporated
moisture, The product is spread thinly in trays and
exposed to radiation from the sun. For drying vegetables

three models have been developed at TNAU, Coimbatore. They
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are

a, Flat plate solar drier.
b. Roof drier (similar to green house).

c. Cabinet drier.

The advantages of solar dryers are:-

A more evenly dried.product of superior quality results,
the noxious effects caused bf dust or dirt, insect
infestation etc., are overcome, the dangers of incomplete
drying caused by sudden rainfall and high humidity are
reduced and the time taken to dry agricultural produce

is less, The limited space available in large cities

may be effectively used for drying utilising small cabinet

dryers (Harigopal and Jonapi, 1980).

¢. Solar water heaters

The best known application of solar energy is for
hot water heating. Improved technology lower manufacturing |
costs and strong marketing efforts enhanced by public
policy may lead to substantial entry of solar hot water
system into markets in areas where Sunshine is strong during
much of the year (Wilson, 1977 Garg, 1982; Salaiya and
Singh, 1982% Diwan, 1983). |

Isreal is a pioneer country in the utilisation of

solar energy for heating water. Australia, Japan and
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Florida have popularised the use of solar heaters for
‘house~holds (Masters, 1976). Today; the technology’
developed in India on solar water heaters has reached a
stage where it can be commercially exploited (Jain, 1980).
Solar energy provides an untapped source for heating water
for domestic as well as for industrial uses with
advantages as for industrial uses with advantages aé
simplicity in construction and insighificant maintenance-

cost.

Solar water heaters are broadly classified into

three types (Garg, 1982),

1. Box or pillow type in which the collector and

the storage are combined into one unit.

2. Domestic type in which the tank is placed<above
the absorber for maintaining the preésure head

necessary for natural circulation of water,

3. Large size units in which the storage tank can be
placed at convenient location, circulation being

accomplished with a booster pump.

Flat plate collectors made up of aluminium, copper
and mild steel are generally used for heating water. The

basic design of a water heater includes an arrangement for
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absorbing the sun's radiation known as heat collector

or absorber, and a well insulated storage space for water,
Water flows through blackened tubes connected to the

flat plate and carries heat to the storage taﬁk. If the
tank is placed slightly higher than the collectors the
water will circulate naturally without pumps due to the
water density differences of hot and cold water (Chandra,

1978).

d., Solar still

Potable water supply schemes will take very long
time and are uneconomical‘at_present as Villages are
scattered and thinly populated. There are many villages
in the arid zone of India where the underground water is
brackish, and unfit for drinking or cooking. A simple
solution to this problem is a solar still as its operational
cost and care under Indian conditions are very less (Mathur
and Chandra, 1979; Tarnekar and Zadgaonkar, 19795 Diwan
and Maini, 1981). |

Fresh water is essential in households for drinking
particularly in places where there is scarcity. The brine
water to be distilled is kept in black boftomed stills
covered with artificial enclosure of glass or plastic.

Incident solar radiation passes through the glass cover
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and these are absorbed in the black bottom of the still

covered with airtight enclosure of glass or blastic. The
evaporated water gets condensed on the inner side of the
glass sheet and trickles down through a channel provided

at the lower edge of the cover to a container,

Distillation of water using solar energy offers
promise for future., On a day with clear sunny climate
the available production from such stills can reach 3-4
litres of fresh water per day per 4 square metre of

radiation area,

The performance of the solar still depends on, a
number of design parameters such as materials of constru-
ction, thermo physical propertiés of materials, base |
insulation, water depth, absorptance and transmittance
properties of the glass and basin, glass angle and
orientation, climatic parameters such as solar insoiation
ambient air temperature, wind speed, atmospheric humidity

and sky conditions, and various other operational parameters.
The advantages in using solar distillation plant
are stated by Ramaraju (1978) as follows:

1, Solar energy is abundant and freely available

during the day time.
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2. There is no transport problem involved in this
field.

3. Solar energy devices do not pollute the atmosphere,

4, The maintenance and running cost of these devices
are extremely cheap.

5. Solar energy can be used for making distilled
water from sea water or waste water or hard water,

6. It is possible to design any size of stills to satis-
fy, laboratory, individual and other requirements,

7. The solar still can operate for longer periods
without any maintenance,

8. Solar still will be useful to remote and arid

areas where no distilled water is available,

3. Constraints in Using Solar Energy

The energy of the sun has to be converted to heat,
work or electricity before it could be effectively utilised.
Numerous constraints exist at various phases of tapping
the solar energy; They must be overcome for wider and
fuller use of solar energy. The intermittent nature of
sun's radiation poses problems in the efficient utilisation
of energy. Nair (1984) indicates that darkness and bad
weather cause constant interruptions in the reception of
the'sun's energy. Suryanarayana (1978) and Fenyves (1983)

point out that the source of solar energy reaching the
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earth is reduced in intensity in the atmosphere by clouds,

dust and fog,

A knowledge ofrsolar data such as the measurement
of solér radiation, the intensity, total incident energy,
transmission factor, clear or cloudy day variation and
seasonal changes is imperative for the best Qse of solar

energy(Ramachandran, 1976).

The use df the sun is unpredictable to the consumer,
since radiation of the sun reaching any given spot is
dependent on the time of the day, season of the year,
latitude, cloud cover and aerial pollution(Wascheck and
Carmen, 1978). Solar energy in the form of heét is available
only nine hours in a day reaching peak insolation (about
0.9 KW7m2) around noon indicating that solar power plants
remain shut off during the rest of the hours (Sing, 1980).

Broda (1980) mentions that solar energy has the

following limitations:

1. Unequal distribution over the globe,
2. Intermittency.,
3. Dilution,
4

. Loss of directionality.

With reference to the use of solar cookers in house-

holds, Behrman (1978) and Mathews (1979) indicate that
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custom is a barrier against the Indian's using solar
energy appliances, since cooking is traditionally confined

to the interior of ‘the house and not to the open yard,

Some of the cooking methods such as seasoning and
frying which are essential in Indian cooking cannot be
done in solar cookers (Vaithilingam, 1984)., Ramaraju (1978)
and Mathur (1983) mention the following practical
difficulties in the use of solar cookers on permanent

basis:~

1. Social habits,

2., Inadequate promotional efforts,

3. High and prohibitive cost of the solar energy

| devices,

4. Vagaries of sunshine, shades, cloud, rain etc,

5. Sun tracking difficulties - (sun itself is oscillating).

6. Not suitable for all types of cooking.

Availability of solar energy tb suit the cooking
hours of the people, long duration of cooking, use of
delicate parts like glass in the cooker were the problems
observed by Vasudevan and Santosh (1983) and Vidyarthi (1983)
in solar cooking, Bhusan (1977) states that the main
drawback of the 'Sun-basket' is that it can be easily damaged
if handled roughly, If it is left over in the rain,it will

loose its shape and become useless, While cooking one has
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to be careful to see that nothing is split over the basket,
because any kind of overflow from the cooking pot will
reduce'the reflectivity of the inner suxface, The person
needs to wear sun glasses to shade the eyes against the

glare of the unfocussed sun rays.

The main reasons obstructingrthe popularisation of
solar cookers are (a) social habits, (b) technical draw
~backs and (c¢) inaaequate promotional efforts., Furthermore
solar cooking involves alteration in the household routine,
since the housewife must prepare the evening meal during'
day light well before the traditional time. This poses the
additional problem of keeping the food hot (ESCAP, 19805
and Rao, 1985). |

While developing technology for utilisationrof'solar
~ energy, a deep consideration of sociological and economic
aspects 1s necessary. Durability, reliability, ease of
installation and use, achieving highexr efficiencies of per-
formance and cost reduction are some of the major problems
faced by the scientisis and engineers for developing devices

for utilisation of solar enexrgy (Pichai, 1984),

In any programme for the introduction and use of
solaxr cookers, the technology of cooking, local practices,
economic factors and the availability of local skills are

the essential parameters for success,



- I11. PROJECT PROFILE

The methodology followed for this study consisted
of the following stepss$

A, Studying the Fuel Management Practices in the
Selected Villages, ’ |

B, Selecting the Appropriate Fuel Technologies to
be introduced,

C. Creating an Awareness on Improved Fuel Technologies
among the Rural Families Through Motivation and
Education ‘

and D,VEvaluating the Impact of the Adoption of these

Improved Fuel Management Practices.

A. Studying the Fuel Management Practices in the Selected

Villages

The steps involved in this aspect were

1, Selecting the villages and households,
2. Selecting the method of study.

and 3, Collecting and Analysing the data.

1. Selecting the Villages and Households

The villages in Karamadai Panchayat Union of Coimbatore
District were selected for the project since Sri Avinashilingam

Home Science College had chosen this area for integrated



109

rural development in commemmoration of their Silver Jubilee
Celebrations. A total of 914 households spread in the
following 12 villages in this area were selected for this
aspect of the study., The households were'selected by
purposive sampling method which is described by Muthayyé et. al.
(1976) and Vilkinson and Bhadarkar (1982) as>selecting

the items from the Universe in such a way that they are
typical representation of the whole. Figure 13 shows the

locale of the selected villages,
The Villages selected for the study are given below:

Marudur

L)

Kurunthamalaipudur

Kaliappanur

Thimmampalayam

Thottathasanur

Kooranur

‘Kurumbanur
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°

Panapalayam

e}
2

Kiddampalayam

P
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Salaiyur

o
s
.

Salaivembu

12. Medur,

2. S5election of Method for the Survey

The 'Interview Method' was selected for gathering
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information owing to its convenience, comprehensiveness
and possibility of obtaining genuine information. As
Rangaswamy (1976) and Gupta (1976) affirm.‘direct personal
interview method provides positive response and accurate

. ?
information.

An interview séhedule was prepared to collect '
details on the family background, type of fuel used, fuel
management practices adopted and their awareness on improved
fuel technologies developed for household purposes.

Appendix II shows the schedule used for the survey.

3. Collecting and Analysing the Data

Good rapport was established with the families and
interviews conducted, at a time convenient for them to-
gather the data, While conducting the survey, the households
interested in using improved fuel technologies such as smoke-~

less chulah, biogas and solar cookers were also identified,

The data collected was consolidated and analysed.

The findings of the survey are presented as follows)

1. General Details of the Surveyed Families.

The caste, the type of family, age-wise dist}ibution
of the people in the families, occupational status of the
head of the family, literacy level of the head of the family
and home makers and income range of the surveyed families |

are presented,
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a, Caste.
Table VI presents the caste structure in the villages
under study.
TABLE VI

CASTES EXISTING IN THE VILLAGES

e e D em S ors NS eem  wm  Gme W W aan SR M e e R e MM ems s S AN wu  em We s e

S.No. Caste pattern N:914 Percentage
1 Backward Class , 740 81.0
2 Forward Class 77 ) 8.4
3 Scheduled Caste 94 10.3
4

Scheduled Tribe 3 0.3

The sample surveyed had a dominance of Backward class
(81 per cent), Ten per cent of the sample were from
scheduled caste, Scheduled Tribe occupied only negligible

percentage of the sample,

b, Family Type.

Table VII depicts the type of families identified

in the villages surveyed.
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TABLE VII

TYPES OF FAMILIES IN THE VILLAGES

M o e W em R e me TR wm G MR G S M St I ms TR SR B e M e W aw e B

S.No, Type of family N:914 Percentage
1 Nuclear 851 93
2 Joint 63 7

A large majority, 93 per cent of the sample were
of nuclear type. These figures indicate the almost
complete decline of the joint family system in the rural

areas,

c. Age-wise Distribution of the Population

The distribution of the population according to

age is depicted in Table VIII.

TABLE VIII
AGE-WISE DISTRIBUTION OF THE POPULATION

- ewe  wm Ge e mm A amm e S gme MR W s ane @ ews  TEN e M o W R W wes Gy @8 W wm

S.No. Age in years = = = = = = = = = = ;@ o = = = - =
N:3991 Percentage
1 Pre school (0=5) 391 10
2 School going (6-12) 402 10
3. Adolescent (13-19) 847 21
4  Adulthood (21-60) 1935 49
5 01d age (above 60) 416 10

B e am s e m en owm @ e S O em  se9 PN S 3B @ MOD  wmm O Mn Wh oW W mm  ew oW we
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The preschool, school going and old age each occupied
10 per cent of the population. The adolescent constituted
21 per cent and the adults 49 per cent, This indicates that
the village had good work force potential constituting a
high percentage of adolescents and adults, This statistic
was found to be nearly equal to the national average (52 per

cent of the population being in this age groqu.

d. BEducational Status of the Heads of Families

Table IX indicates the educational status of the heads

of families,

TABLE IX

EDUCAT IONAL STATUS OF THE HEADS OF FAMILIES

. e ew W A® aw e W ES S MmO ann Wl W GER W% SN W SN wee  ems  Mie e am e ums  mm  wem e

S.No., Educational Status N:914 Percentage
1 Illiterate 702 77
2 Primary school 84 9
3 Middle school _ 60 7
4 Higher secondary level : 55 6
5 College level 13 1

ilore than 70 per cent of the heads of the families were
illiterate, The National Adult Education Programme, which
has been launched in a big measure must help to solve the

problem of adult illiteracy in the rural areas,
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The educational status of the home makers is shown

in Table X.
TABLE X

EDUCATIONAL STATUS OF THE HOME MAKERS

S .No. Educational status N:914 Percentage
1 Illiterate ‘ 762 83

2 Primary school 65 7

3 Middle school ' 52 6

4 Higher secondary level 27 3

5 College level ' 8 1

Gam e wmm  WME  mew R WES 6 MmN et  Swp e A e B W AU TN e g S QU WB  GSe Ve uP W ee W

The position of the home makers in the sample with
regard to education was also poor, with'more than 80 per
cent being illiterate. The National Adult Education Programme

should be strengthened in order to helprwomen.

e, Occupational Status

The occupational pattern of the heads of the

families is shown in Table XI.
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TABLE XI

OCCUPATIONAL PATTERN OF THE HEADS OF FAMILIES

s Wm e e G e WA e ewm k% s e  We e S %% am G e e e SR MW G e e W me

S.No, Occupational pattern N:914 Percentage
1 Agricultural labourers 458 50
2 Agriculture (land owners) 356 39
3 Self employment* 43 5
4 Employed in Industries 39 4
5 Business : 18 2

m aews S s G M s e mm  em e M WEE P B e TR G G SN B N0 e M s W e wm e

* Self employment includes barber, tailor, dhoby and

small petty shop owners,

All the heads of the families were gainfuily employed
with a majority woiking as agricultural labourers. Nearly
half of the sample possessed land and worked as agriculturists
cultivating their own land, Since most of the villages
were situated in the interior of Karamadai, and they do not
have close proximity with the industrial area, only a

negligible percentage of families were employed in industries,

f. Income expenditure pattern

Table XII reveals the distribution of the households

according to their annual income,.
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TABLE XII

DISTRIBUTION OF FAMILIES ACCORDING TO ANNUAL INCOME

W eam s G ome SRR eas  sws et e Ml CER s OMD ST W Bae  UR  Sus WS N Sme ANE e ams e we  we

S.No. Annual income in Rs, N:914 Percentage
1 Less than 2500 152 17
2 2501-5000 - 573 62
3 5001-7500 152 17
4 7501 and above 37 4

* The classification was based on the Times of India,
Directory of Year Book, 1979, p.l9,

On an average 17 per cent of the sample is getting

a fairly good income, Rs,5001-7500 annually.

2. Fuel Management Practices

This aspect is discussed under the following headings:

a. Fuels used and sources of availability,
b. Quantity of fuel used,

c. Expenditure on fuel,

d. Type of chulah and utensils used,

e, Fuel storage practices |

and f. Problems related to fuel management,
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a. Fuels Used and Sources of Availability

Table XIII and Figure 14 indicate the type of fuel
used in the households and the places from where the |
families procured the fuels,

TABLE XIII

TYPES OF FUELS USED AND SOURCES OF AVAILABILITY

- G an W A e  wm  SmE  wur WS NS WE WS  WE  mwe NS amm W S ams NS MW WA T e W aEm NS G e

S.No, Fuels and sources Percentage of families
1. Firewood (878)
Purchased : 55
Collected from own farm 27
Collected from neighbdur—hood 18
2, Barks and Twigs (589)
Collected from own farm 44
Collected from neighbour-hood 46
Purchased | 10
3. Crop waste (304)
Collected from own farm 60
Collected from neighbour-~hood 40

Data in paranthesis indicate the number.of families
using the particular fuel, The percentage on sources was

calculated based on these numbers,
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Firewood, barks and twigs, wastes of crop such as
cotton stalks and chilly plant were the fuels uséd in the
households, More than half of the sample purchased fire-
wood, while many households collected the fuel from their
own farm or from the neighbour-hood. Easy availability,
cost and convenience in use, ere the reasons mentioned
by the families for the use of the particular fuels, To
collect these fuels 75 per cent of the families had to walk
a minimum of three kilometres daily. Some of the meﬁbers
collected fuels on their way béck home from their fields,
which did not involve an additional trip for the purpose.
The data collectéd reveal that in more than 70 per cent of
the families women and children were involved in collecting
the fuels in addition to doing other domestic chores. While
40 per cent of the families spent one hour a day for
collection of fuels the remaining families spent more than
~two hours a day. Table XIV and Figure 15 show the typical
work distribution pattern of rural women in the selected

villages.
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TABLE XIV

WORK TIME DISTRIBUTION OF RURAL WOMEN IN HOURS PER DAY

Time in  Pexcentage,of

S.No, Wérk pattern hrs/day time spent
1 Work in the field 6.0 25
2 Drawing and fetching water 1.5 6
3 Cleaning the house 1.0 4
4 Cooking and Serving: 3.0 13
5 Caring for children aﬁd
looking after households 0.5 2
6 Washing clothes 1.5 6
7  Cleaning the utensils 1.0 4
8 Collecting fuel 2,5 _ 11

e aem  mm W e mE e B ses  EL SN TSR e M GNP GMD  GER MmN R TR emm NS et Wer  wer  m gen . e e

* Rest and sleep occupies 29 per cent of the time.

An analysis of the life pattern of the rural women
indicates that they provide 17 hours of productive iabour
in different chores. Fuel collection and cooking appear
to be Qnavoidable chores in the rural family. Due to
tradition these have been considered the jobs of women,
In particular the women ére‘greatly subjected to drudgery

in the following chores:

1., Collecting fuel for a major part of the day,
2. Cooking in smokeful environment using traditional

chulahs,
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3. Walking long distances to fetch water.,

4, Agricultural operations,

b. Quantity of Fuel Usgd

Eighty two per cent of the families surveyed reported
that they use 2 to 3 kg.vof firewood per day. The quantity
of fuel used varied with the purpose for which the fuel,
was used, the number of meals prepared, items on the menu,

the quantity of food cooked and the type of chulah used,

c¢. Expenditure on Fuel

An analysis of the expenditure pattern showed, that
the expenditure on food was the major item, being 85-90
per cent., A lérge majority of the sample spent upto 10
perrcent of their meagre income on fuel, The other items
of expenditure such as clothing, education, health, and

recreation had been given only minor consideration.

d,., Chulahs Used

All the homemakers used only oxrdinary chulahs, Sixty
nine per cent used two pot seated ordinary chulah, while
31 per cent used one pot seated chulah, Eigﬁty nine per cent
placed the chulahs at floor level, the remaining families |
had the chulahs at higher working levels, The chulah$ are

designed by the local potters without any scientific background.
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The mouth of the chulahs are big and consume much fuel,

making the chulahs inefficient,

Utensils Used foxr Cooking

Table XV gives the details of the cooking utensils.

TABLE XV

UTENSILS USED FOR COOKING

- as s e W M W N TR W S M el e WML W NS R e eme  EmE  Wem SR M MR we e  owe e e

N:914

e wem  m s R am WS G G ew R GND ek SR M G MR s s e W e

No. used Boil- Steam- Fry- Roast- Ste- Heating
ing ‘ing ing ing wing of
water

1 Mud 48 12 .21 19 27 46

2 Aluminium 45 83 58 46 64 49

3 Brass 5 5 _— _— —_— —
4 Stainless

Steel 2 —— - —— — —

5 Iron - - 21 35 — -

- ems @y e et mmm  vem e e Bem W e MR emt e s eem e S mas W oum AR ewe e b e e wm e

Aluminium was found to be commonly used for boiling,
steaming, ffying,rroasting, stewing and heating water, slowly
replacing the traditional mud pots used in the rural households.
Brass was used to prepare coffee and to boil milk, Iron was
usedtfor frying and roasting. The use of stainless steel was

rather uncommon,



125

e, Fuel Storage Practices

The fuel collected was reported to be stored by the
majority (80 per cent) on the floor in the backyard, front
yard and in the available open space. In rainy seasons the
fuel was stored on 'paran', a bamboo or wooden construction
either attached to the walls or suspended by coir ropes

from the roof.

f. Problems Related to Fuel iManagement

The problems related to fuel management as revealed

from the survey are enumerated as follows (Figure 16):

i, Problems associated with collection of fuel

1, Walking 2 to 3 km. every day.

2. Spending 2 hours daily for this task,

3. Fear of land loxrd and forest authorities since
the fuel is collected in an unauthorised manner,

4, Danéers of poisohous,snakes and insects,

5, Difficulties in cutting and carrying the load
on the head,

ii. Problems Associated with Storage of Fuels

1, Lack of space to store the fuel,
2. Accumulation of dirt,

3, Menace of pests and insects,
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iii,Prdblems Related to the Use of Firewood and Other

Agricultural Wastes as Fuel

. Difficulty in lighting the fire.
. Inefficient burning,
. Frequent feeding necessitating continuous attention.

. Wastage of fuel,

goh W N -

. High cost of the fuel,

iv.Problems Associated with the Use of Ordinary Chulah

The smoke which comes from the chulah causes several

problem such as,

Eye strain.

Deposits soot on the utensils.

.

Dirties the clothes,

Difficult to maintain.

Blackens the kitchen,

»

Consumes more time to cook.

L)

Takes more time to clean the utensils,

0 N 0O W

Drives the children away from kitchen.

[

O
°

Spoils the atmosphere of the house,

10. Weakens the efficiency of the homemaker,

The respondents were highly conscious of the many
problems in their fuel management practices. Ninety five

per cent of the homemakers mentioned the need to change the
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traditional chulah to overcome the problems associated

with it.

Use of Solar Devices

An attempt was made to find the awareness of the
families about the use of solar devices for cooking. It
was found that only a negligible percentage responded. On
enquiry about their willingness to use such devices, the
response was rather poor; only five pet cent of the home-

makers showed some interest to experiment with solar devices.

Awareness About Biogas

The survey indicated that among the 914 families

- surveyed, 35 per cent of the sample owned 3 to 4 cows or -
buffaloes for their agriéultural operations, The awareness
on generating biogas from cattledung and using it as a

fuel was evident only among five per cent of the respondents.
But even those families had not set up biogas units in their
household., The reasons were,not knowing the procedure for
applying for the loan and the techniques involved in the
construction and the method of using biogas., However they '
had expressed their desire to gain knowledge on 'Biogas

technology'.

The findings of the survey brought out the felt
needé of the rural homemakers with regard to fuel management.

They were:
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Need for

Knowledge on improved fuel managemént practices

- Knowledge about the method to improve thé efficiency
of the chulah. |

- Enhancing the appearance of the kitchen and removai
of the drudgery of smoke,

- Experimenting with the use of innovative fuel
technology such as biogas and solar energy,

-~ Understanding the method of utilising cowdung in
a more efficient way, _

- Knowledge regarding the assistance given.by'the

government for these programmes,

B. Selecting Appropriate Fuel Technologies to be Introduced

This aspect had the following steps:

1. Selecting the technologies

and 2. Selecting the specific device to be introduced,

1, Selecting the Technologies

The National Research and Development Corporation
(NRDC), New Delhi, has worked out specific, flexible set
of criteria for selecting appropriate technology. Any

technology introduced in the rural areas should

- be capable of generating employment-utilising
local human and material resources.
~ be capable of replication and should blend harmoniously

with existing eco system,
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- need low capital investment and result in.low
cost production.

- be capable of upgrading and enhancing traditional
skills and capabilities,

- minimise fatique and reduce drudgery,

-~ be innovative in characﬁer.

Based on the felt needs of the community as well
as keeping in view, the criteria given by NRDC, the investi-
gator identified three improved fuel saving techniques as
' appropriaté to alleviate the drudgery due to faulty fuel

practices., Théy are as follows:

- Removing the drudgery of smoke by introducing
'Improved chulah' known as smokeless chulah,
- Utilising the abundant cowdung available for

producing biogas by setting up biogas plants.

- Developing an awareness among the rural families
regarding renewable sources of energy such as

solar enerqgy for cooking,

2. Selecting the Specific Devices to be Introduced

Several designs of smokeless chulah, solar cookers
and biogas plants are propagated in the country to suit
different local conditions, Preliminary experiments were

conducted by the investigator to select appropriate design
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for introduction in the selected rural households,

a. Smokeless Chulah

Several varied designs of smokeless chulah are
available in the country, After conducting a number of
experiments with all available models for fuel and time
consumption a smokeless ‘chulah was designed at Sri
Avinashilingam Home Science College to suit local conditions
giving careful considerations for the diameter of the pot
seats, height of chimney, héight of the chulah and size of
the féeding mouth 8o as to maximise the thermal efficiency.
The basic material for firebox and chimney was mud, easily
available in any village. The design of the chulah was
based on the existing model used by village women and was
easy to operate. The thermal efficiency of the chulah

designed was found out to be 25 per cent (Appendix III).

The physical features of the designed chulah wWere as follows:

Diameter of the pot seat I 175 mm,
Diameter of the pot seat Il 135 mm,
Distance between the pot seats 100 mm,
Width of the feeding mouth 120 mm,
Height of the feeding mouth 120 mm,
Height of the chulah 240 mm,

" Length of the chulah ‘ 445 mm,
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The pot seats were designed to facilitate the use
of utensils of different sizes for two varied functions,
While the first pot seat‘was meant for cooking rice, the
second pot seat (smaller one) could be used for cooking
dhal and vegetableé. The size of the feeding mouth was
'designed to be smaller in order to minimise feeding with

only the required amount of firewood,

The efficiency'of the chulah designed was tested
aéainét the standard I.I.T. model ('Sahyog') which was
being used by the various institutions associated with
the All India Co-ordinated Project sponsored by Department
of Science and Technology. Figures 17 and 18 show the
dimensional\sketches and pictures of the smokeless chulahs

selected for the study.

'Cooking' rice was selected for the experiment to
compare the chulahs in terms of time expended for the pre-
paration and cleaning utensils and fuel consumption., In
the beginning of each experiment the same quantity 6f fuel
(1500 grams of firewood) was weighed for each chulah and
fed into the particulér chulah, After completing the cooking
6f rice, the quantum of firewood remaining from each of the
chulahs was weighed again to note the fuel consumption in
each case, The time éonsumed for cooking was recorded.

Whiie the first pot seat was used to 'cook rice', the second
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pot seat was used simultaneously to heat water in a separate
utensil of identical shape and size, The temperature of
water kept in the second pot seat at the time of completion
of cooking rice on the first pot seat, Was also.recorded.
Table XVI presents the findings of the comparative study

of the two selected models,

TABLE XVI
COMPARISON OF 'AVINASHILINGAM' MODEL WITH 'SAHYOG' (I.I.T.
MODEL) .
' At sy s y 'Sahyog' L. '
Factors of. . Avinashilingam Differ-
. Trials . (1.1.T
comparison model model) ence
Firewood consumption 1 1000.0 1000.0
(in grams) 2 900.0 960,0
3 940.0 920.,0
mean value 946.0 960.0 14 gms,
Time consumption _
(in minutes) 1 44,0 50.0
2 45,0 52,0
3 44,0 - 50.0
mean value 44,3 50,6 6.3 min,
Temperature
(in centigrade) 1 62,0 56.0
2 63.0 57.0
3 62.0 56,5

mean value 62.3 56.5  5.8°C

o ame WS emn et Soe emm  esw NS NS MER emm  gmp MR wma S v SES e Oae DI Aes  mwe  Ges e wm e wem e
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The findings indicated that 'Avinashilingam' model
chulah consumed less fuel and time for cooking rice which

is the major item being cooked in rural households,

b. Biogas Plant

The two popular designs adopted in Indian villages
namely Khadi and Village Industries Commission design
and the model developed by Planning Action and Research

Institute, Lucknow, known as 'Janata' Model were compared.

The study conducted by Manivasuki (1985%) in 100 house-
holds in Coimbatore District pointed out a changing trend
in recent years in the adoption of models by the rural
households; 82 per cent of the respondents owned 'Janata
model' (drumless t§pe) and only 18 per cent had constructed

the conventional KVIC models,

Therefore a comparative study was undertaken on the
two models, The following aspects were found through
experiments in the campus and interviews with the owners

of the plants (Table XVII).
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COMPARISON BETWEEN KVIC MODEL AND JANATA BIOGAS PLANT

The construction of

3 cu.m. capacity gasplant
costs Rs,3400 in the

year 1981,

The movable steel gas
holder corrodes and
needs continuous
attention,

This requires high trans-

portation charges to trans- .

port fabricated gas holder
to the site.

Life span of the gas
holder is fixed for
10 years.

The gas plant occupies
more space,

The gas production during
winter season is less,

Locally available materials
can be used for construction
of digester only. The
fabrication of gas holder

- GM e e W mm  wes WD e Ems  TEe emm e Aw

The construction of 3cu.m.
capacity gasplant costs
Rs.2264 in the year 1981,

The design does not include
a movable steel gas holder,

‘No transportation charge is

necessary since the whole plant
is constructed at the site.

Life span of the unit is
expected to be more than
10 years,

The gas plant occupies less
space.

The gas production in winter
season is comparatively more
since the whole unit is an
underground construction,

Locally available materials can
be used for the whole plant.
Trained skilled masons are
necessary for the construction

requires workshop facilities. of dome porxrtion,

m e we W e e e S mm We o SN 0P mm S e

- e e e em e we s R GO e o S o e

| There are many favourable points in adopting Janata

model biogas plant.
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c. Solaxr Cookers

Among the various solar devices available, solar
cookers were selected owing to their relatively lower cost
in comparison with dryers or heaters and the greater
necessity for cooking devices, The available three models
of solar cookers were assessed for their efficiency by

conducting cooking experiments and evaluating their physical

features for acceptability by homemakers,

The three types of solar cookers selected were
simple box type cooker, reflector oven and the solar basket

(Figure 19).

Since'cookihg with soiar energy is a slow process
such foods which do not adversely get affected in their
nutritive contents by long cooking were selected., Rice,
dhal and vegetables were the items selected for cooking
since a large majority in the rural areas include them in

their daily diet,.

An appropriéte place with adequate direct sunlight
during 8 A.il., to 5 P.M. was selected for placing the solar
cookers. In order to maximise both the solar radiation
and its focussing, the position of the solar cookers was
adjusted to the corresponding changing altitudes of the sun.

The time taken for cooking the items selected was recorded
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(Appendix IV), Table XVIII gives the mean time to cook

the selected items.

TABLE XVIII

MEAN TIME TAKEN TO COOK THE ITEMS IN THE SOLAR COOKERS

o e s e e Wes  @m  emm e W em  qem T B e es M 4ms ER @R m  Em  YEN S e W e e e

S, Quantity

Items A A e e e
No. inogms. Box reflector Solar

type oven basket
Cereals
1. Rice 0 55,0 61.6 45,0
Pulses
- 2. Greengram

dhal 50 56.6 68,3 45,0
3. Whole green

gram dhal 50 71.6 95.0 53.3
4, Redgram dhal 50 88.3 103.3 80.0
Vegetables
1, Potato 100 7.0 95.0 66.6
2. Carrot 100 58.3  70.0 55.0

3. Beans 100 - 41,6 65.0 36,6

The solar basket took the least time to cook the
items. This may be due to the high reflection area

avéilable.

The ease in handling the three type of solar cookers
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was evaluated by ten home makers (Table XIX),

TABLE XIX

EVALUATION OF THE THREE TYPES OF SOLAR COOKERS

e mus e 3 OWm  wad B e Mme  Gm  Gml M Vme W NS S e e GN  Ww M SRm e B em M e few e

No Criteria = = = = = = = o - - - - = = - = = - -
* Box Reflector Solar
type oven basket
1. Comfortable height 60 60 ' 70
2, ianageable size 90 40 40
3. Convenient shape 80 ‘40 40
4, Durability of
materials used for
constxruction 90 ' 80 70
5, Easy mobility 80 20 70
6. Easy to clean - 80 50 80
7. Easy to maintain 80 50 60
8, Easy to handle 30 _ 40 90
9. Easy to store 90 50 40

10, Less attention
at the time of
cooking 90 50 40

Mean value ’ 83. 48 60
Judged by the various criteria the box type solar
cookér was found to be desirable to a greater extent for

the homemakers, Therefore this type was selected for
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introduction in the rural households.

C. Creating an Awareness on Improved Fuel Technologies

among the Rural Families through Motivation and

Education

This aspect involVed,

1, Educating the rural families

and 2, Introducing improved fuel management practices,

1. Educating the Rural Families

Transfer of appropriate technologies'in the Indian
Villages is a major challenge., It will help in solving
many problems confronting the rural areas, particularly,
the fuel shortage., Most of the people in the rural families
are illiterate, They follow age old patterns of cooking.

To bring an awareness and a change to these families is
a Himalayan task. Hence the investigator adopted several
motivational'techniques to prepare the ground for their
adoption of new technologies., They are described in the

following paragraphs.

Since fuel management calls for initiative and effort
from the women,'the Mahalir Manrams (women's clubs) in the
villages were contacted, to act as a forum for conducting

group meetings and demonstrations. The Presidents of the
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Mahalir iManrams were requested to activise and strengthen
their members to carry out the programmes chalked out

for their benefit,

Realising the significant role that youth can play
in rural development programmes science clubs had been
formed in all the villages adopted by Sri Avinashilingam
Home Science College, One of the main objectives of the
Science Clubs is to carry science to the villages. Those
clubs were well organised with a President, Secretary and

20 to 25 youth, both boys and girls as members, The Science

. Clubs were utilised by the investigator as motivating

agents to propagate the Science and technological develop-
ment related to fuel management practices. The Science
Ciub membersrwere fitst oriented to the appropriate
innovations available to the rural families on fuel

management,

Home visits were made to the households to discuss

with housewives the problems in fuel management and the

-importance of improving the chulahs, adopting biogas

technology and using solar cookers, Special effort was
taken to motivate the home makers and heads of families
for adopting biogas technology since it involved a large
sum of rupees for the construction. The investigator

appfoached the local leaders, Presidents of the Science Clubs
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and the animators of the adult education centres to get

the details of prospective adopters of biogas technology
in their respective villages, Visits were made to these
households to show the benefits arised by constructing

biogas plénts.

An exhibition on 'the application of scicnce and
technology-in Every Day Life' was put up in the Village
Marudur, which is centrally situated. 1In the exhibition,
charts, postersand models were exhibited on smokeless
chulah, haybox solar'cookers, solar dryers, biogas and mud
storage devices. Appendices V show the miniature of the
posters developed in the local language (Tamil) ane¢ used
in the exhibition. This exhibition was viewed by many
people particularly women and youth Who showed great

interest in adopting these innovations.

The members were contacted in smaller groups'of
15 to 20 for informal talks. The need for introducing
smokeless chulah, biogas and solar cookers in the rural

households was explained to them by using flash cards.

Fieldrtrips were arranged to Sri Avinashilingam Home
Science College and to the Tamil Nadu Agricultural University
to show the homemakers tﬁe different types of energy saving
‘devices in use, the smokeless_chulah in the nutritious meal

scheme and biogas in the home science residence and solar
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cookers of different sizes and types were seen by the
members, Figure 20 shows the motivational methods adopted

to educate the rural homemakers,

2, Introducing Improved Fuel Management Practices

The various methods used for motivation created an
awareness among the rural families the need to adopt some
innovative method such as smokeless chulah, biagas ox
solar cooker. As a result of the motivation programme 200
families came forward to adopt smokeless chulahs and 40
families for solar cookers, Twenty families applied to
the BDO Karamadal Panchayat Union for loan for construction

of biogas plants.

a., Smokeless Chulah

A potter in Marudur Village of Karamadai Panchayat
Union was trained and entrusted the work of making the
smokeless chulah., Figure 21 show the sﬁeps involved in

making the chulah by the potter.

The smokeless chulahs were taken from Marudur to the
different villages and kept in a common place. The families,
willing to install the smokeless chulah were given an
identity card., After showing their identity card, they took

the ‘chulahs for installation. Instructions had been given
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to them clearly on how to install the chulahs and the
materials needed for the installation, The families
installed the chulahs at their owﬁ expense, The house-

holds were visited periodicallly to clear the doubts regarding
the installation of the chulahs, As for the care and |
maintenance of the 'chulah' the homemakers were given the

following instructions:

1, Clean the duct and hearth every day and clean the
chimney periodically once a month to keep the

'chulah' smokeless,
2., Use both the pot seats for cooking at the same.

3. Not to over stuff the duct with fuel as there must

be sufficient space for air to get inside,

4, Plan the work in advance to take full advantage

from the chulah.,

5. Patch up any cracks as soon as they occur,

b. Biogas Plant

The applications of the 20 families were collected
and got processed through the Rural Welfare Officer of the
block and handed over to the bank for ioan and subsidies
through the Block Development Officer. The loans were
sanctioned by the Indian Overseas Bank, Vivekanandhapuram

and the subsidies were released by the Project Officer,
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District Rural Development Agency, Coimbatore District.

As the first pre requisite, a training for’lo masons
from 5 different villages of Karamadai block was arranged,
This was necessary since local untrained masons were
engaged for the construction of the biogas plants which
led to the constructional defects, The role of the mason
is very cruclal specially in the construction of dome type
of biogas plants, since imperfect éonstructibn of masonry
and RCC work inﬁariably result in leakages, which, in turn,
end in inadequaté gas_production and ultimate failure

of the plant..

The trainees had the opportunity to construct model
biogas plants in nine households who volunteered to take
up the loan immediately for the construction of biogas planté.
The remaining families had started the construction after
a month's time utilising the services of the trained masons.
However the construction was completed in different timings.
Availability of the raw materials and convenience of the
plant owners determined the number of days taken for
construction. Figure»22 shows the stages involved in
constructing a 'Janata Biogas Plant'. Follow up visits
were arranged to take the technical personnal of the Biogas
section of Coimbatore Collectorate to observe the construction

details. For efficient functioning, the following instructions
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were given to the adopters of biogas plants:

12,

Close the inlet and outlet tank..

Mix cowdung and water in the proportion 1:1

Clean the cowdung before putting it into the inlet
tank.

Maintain the volume of the cowdung mixture poured
into the tank constant. |

Check the pipeline periodically for leakage with
soapy water.,

Ventilate well the kitchen.

Clean the gas burners once a month,

Remove the water logged in the pipe line once

a month,

Close the regulator properly.

Use flat bottom  vessel for cooking.

Assess approximately the quantum of gas available
in the gas plant through the height of the flame
and the level of the slurry in the tank.

Use the slurry for making compost,

c., Solar Cookers

The solar box type cookers were found to be

convenient, compact and easy to use in the households.

Sri Ramakrishna Mission Vidyalaya, Perianaickenpalayam was

requested to fabricate 40 prototype models based on the
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'Universal' brand of solar cooker (box type). Along with
the solar cooker two sets of aluminium vessels of 450 grams

capacity with tight lids were also given,

Since the concept of utilisation of solar energy
was totally hew to the rural homemakers, tremendous efforts
were taken to expose them to this novel device., The
homemakers were given specific guidelines as indicated

below for the use and maintenance of the solar cookers:?

1. Place the cooker in the open sunshine preferably
on a plane surface.

2. Orient the slant face of the cookér towards the sun,

3. Lift up the boost panel so that the sun rays are
directed into the cooker and can be absorbed by
the inner metallic surface of the blackened tray.

4, Tb achieve accurate orientation'of the cooker move
the cooker in such a way that the shadow is
completely eliminated on all sides except on the
rear side,

5, Place the cooker in this position and keep the
flat aluminium containers (coatéd with black paint)
with food and close the top 1lid, |

6, When the food is cooked, wait for 2 to 3 minutes

after opening the glass panel,.
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7. The solar cooker should not be opened frequently
since this will result in loss of temperature,

8. The inner black surface of the cooker and the
lid, should not be touched by fingers as a
safety precaution against burning.

9. The cooker must be kept clean always. In case
some food or water gets spilled inside the cooker,
it must be cleaned immediately.

10, The cooker should not be left in the rain.

D. Evaluating the Impact of the Adoption of these Improved

Fuel Management Practices

This aspect of the study included the following:

1, Eliciting the opinions of the homemakers on the
use of the smokeless chulahs, biogas and solar
cookers in their homes,

2. Assessing the performance of the smokeless chulahs,

biogas and solar cookers,

1. Eliciting the opinions of the homemakers on the smoke-

less chulahs, biogas and solar cookers

a. Smokeless Chulahs

The 200 homemakers who had received the smokeless
chulahs were interviewed to elicit their opinions about

the-newly constructed chulahs, using an interview schedule’
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specially prepared for the purpose (Appendix VI). A
minimum of 20 to 30 days had been allowed after the

‘construction of the chulahs for the homemakers to get

used to the cooking with the smokeless chulah, The
interview schedule was administered to study details of
the money spent for construction, benefits obtained,

problems faced and suggestions for further improvement.

b, Biogas

In oxder to éducate the adopters on the correct
procedure of operation and maintenance of biogas plants,
a discussion meeting was arranged, where technical experts
of biogas from Coimbatore Collectorate were invited to
discuss the salient points with the users and clear their
doubts on the maintenance and operation of the plants.
The heads of the families were asked to maintain the expen=-
diture incurred on the construction of the gas plant to

assess the cost benefit ratio of biogas plant.

The adopteré of biogas wére surveyed using an inter=-
view schedule (Appendix VII), The survey covered aspects
such as background information of the families, details of
construction and operation of the biogas plant, uses of
gas and slurry, advantages and problems faced during the

operation of the plant, and suggestions for improvement.
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c. Solar Cooker

Forty homemakers who expressed their willingness
to use solar cooker were provided with the cookers, They
were asked to maintain the record for the number of days
they used the solar cooker for every month, The respond-
ents had been instructed to try their usual menu namely,
rice, dhal and vegetable preparation. Apart from this
they were asked to prepare as many items as possible, and
maintain the record for the same, They were interviewed
for their opinions about thé use of solar cooker - the

satisfactions and limitations experienced (Appendix VIII).

2. Assessing the Performance of the Smokeless Chulah,

Biogas and Solar Cookers

a. Smokeless Chulah

Since the assessment of the efficiency of the fuel
using smokeless chulah involved scientific record keeping
and careful administration, out of the 200 families, 50
were located based on the educational background of the
homemaker and interest evinced by her in maintaining records
on smokeless chulah, The records maintained together with
the observation of the investigator and discussion with the
selected homemakers revealed that the average daily consum-
ption of fuel per houséhdld was a maximum of 6 kg. of

fireﬁood. Therefore 6 kg. of firewood from the stock stored
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were weighed and given separately to the 50 homemakers
before they installed the smokeless chulahs, They were
instructed to use fuel from thé weighed stack for that
day. This was repeated for a period of three days by
all the homemakers., The residue was weighed separately
each day in order to assess the fuel consumption per
household per day. They were also instructed to record
the time taken for preparing the items using ordinary
chulah, The homemakers were instructed to follow the
same procedure for a period.éf three days, after adopting
the smokeless chulah to quantity the firewood needed and

the time taken for cooking.

A data sheet as shown in Appendix IX was provided
to them for recording the information., The time taken
for cleaning the utensils used on the ordinary as well as
‘smokeless chulahs was also maintained by the homemakers
in order to find out the time saved if any, after the

introduction of the smokeless chulahs.,

b, Biogas

In order to record the quantum of biogas required
to prepare a day's menu a gas flow meter (INSREF IRO 8
wet type) was used. Homemakers who adopted a routine
normal menu of breakfast, lunch, tea and dinner were

chosen to assess the sufficiency of biogés for cooking.
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The experiment was conducted for nine days (3 days/
household) in the three selected households, This involvedr
the cooking operation done by the homemakers and
observations recorded by the investigator. The gas flow
meter was set right in the kitchen connecting one of the
ends with the gas pipe line and the other end to the
burner., The experiment was started after setting the gas
flow meter to zero reading. In every household, a whole
day menu including breakfast, lunch, tea and dinner was
prepared (Figure 23). At the end of each preparation,
the reading was noted and the quantum of biogas consumed
for preparing the selected menu was calculated. The time
taken for preparing each meal of the day was recorded.

The required amount of gas for cooking was ascertained by
correlating the above readings., The mean biogas require-
ment for a day's menu for family was calculated by taking

the average reading of the experiment done for three days.

‘The data obtained was-computed for firewood equivalent.

c. Solar Cookers

A suitable menu was drawn and given to ten selected
educated homemakers who had shown great interest in using
the solar cookers, Since solar cooker lends itself for
preparing lunch and snack items due to the high intensity

of solar radiation available between 10 A.,M., and 5 P.M.






159

on bright sunny days the items which could be prepared
by boiling and roasting methods were alone suggested to
the homemakers with the solar cooker. The homemakers
opinion were also taken into consideration in deciding
the items to be prepared for three days. They are given

below:

I Day: Rice
Drumstick Sambar*
Beetroot Poriyal

Roasted groundnuts

II Day: Rice
Onion Sambar*
Carrot poriyal

*¥%
Peas sundal

III Day: Rice
Dhal Kootu
Cluster beans poriyal
Boiled egg

* K
Bengal gram sundal

*¥ Sambar is a dhal preparation mixed with
vegetables,

*¥%* Sundal is a dhal preparation used for
"snacks.
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They were asked to keep a record of the time taken to

~complete the cooking using the following format.

e mw  em  Gm SR mm S mE  mm N A G B G s GNE WS SN M SR wm  one W IO e W g e we  aes

Time when Time when
' ' s i s . Remarks
Item(s) _Qty. ~the item  the item Total

. the
Date cooked was kept was re- time on
cooked grams in the moved taken ciggegt
solar from the ' p u
device device -

They were instructed td prepare the same items
using ordinary firewood chulah and to record the time taken
for cooking and the quantum of firewood used. This
procedure was repeated for three days to get a mean score,
The records maintained by the homemakers indicated that by
using solar cooker effectively how much firewood could‘be

saved over a specific period of time,

Improved fuel management practices were assessed in
terms of conservation of time and money, and the forest

resources,



IV  RESULTS AND DISCUSSION

The results of this study on 'Motivating Rural
Families Towards Improved Fuel Management Practices'

are presented and discussed under the following headings:

A. Factors associated with the Adoption of

Improved Fuel Management Practices,

B. Observations recorded on the Construction,
Operation and iMaintenance of the Devices

Introduced,

C. Outcomes of introducing Improved Fuel Management

Practices

and D, Resource Recovery through Improved Fuel

Technology.

A. Factors Associated with the Adoption of Improved Fuei

sManagement Practices

The aﬁsociation of factors such as the fype of
family, size of family, age of the head of the family,
educational status'of head of the family and homemakers
and occupation with the adoption of smokeless chulahs,

‘biogas plants and solar cookers is presented as follows!

1. Type of family Vs adoption

Table XX presents the type of family Vs adoption
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of improved fuel management practices.

TABLE XX

TYPE OF FAMILY Vs ADOPTION

ome  wen  wme  wmt e am GEs  S e S M e SW  Gee N TN ER O SR e We M e R mm s e e

Smokeless Biogas Solar
No. Family chulahs ~ plants cookers
N:200 N:20 N:40
1 Nuclear 78 65 85
2 Joint 22 35 15

G s G s ewe  SE AN wme W5 W WRE IR MM Ghe S R Gum  Was N e W s SaD W R B W e

Nuclear type of families, where the decision is
taken only by both the head of the family and homeﬁaker
was found to be more favourable for introduction of
improved fuel management practices, Furthermore the
joint family system is disintegrating even in the rural

areas,

2, Size of the family Vs adoption

Table XXI presents the size of the family Vs

adoption of improved fuel management practices.
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TABLE XXI

SIZE QF FAMILY Vs ADOPTION

e eme  mes  wws s e e men  Bam  WON  Ses e wes  See G e MW as  wes WS RO GNP mem e Bee wel eme e e

@ e e em e e e e em e e G e Me e e e e

3- ?iZ?IOf Smokeless Biogas . Solar
o. amily chulahs plants cookers
N:200 N:20 N:40
1 1-4 68 40 85
2 5 and above 32 60 15

e s awm ewe  ewe  wm  wee N Gwe  wes  GWA VMR S MR R @ R MR R R MR e W em G B e e e S

The adoption of smokeless chulahs and solar cookers
was favoured by smaller families whereas the biogas plants

were constructed in families with more members,

3. Age of the heads of families Vs Adoption

The age range of the heads of families Vs adoption

shown in Table XXITI.

TABLE XXII

AGE RANGE OF THE HEADS OF FAMILIES Vs ADOPTION

M me v PP s eww wee N e e W eum e e e Mne M AR e e e G ww At om  we e pwe  oum

e mwe e wmm  awe  Gme M8 wmw  m  ww e m®  om  ww  GB axo e

S, Age in Smokeless Biogas Solar

No. years chulahs plants . cookers
N:200 N:20 N:40

1 20-35 14 5 75

2 36-45 42 55 20

3 46-55 32 25 5

4 56~65 12 15 -

e e e e e
me  mer o om BT g o g e
Sed D owm ks eM e o ow ee e em o

is
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While the younger generation preferred to experiment
with the non conventional practices of solar cooking, the

~middle age adopted the smokeless chulahs and biogas plants,

4, Educational Status Vs Adoption

Table XXIII presents the educational status of the
heads of the families and homemakers who accepted improved

- fuel management methods,

TABLE XXIII

EDUCAT IONAL STATUS Vs ADOPTION

- s s EW s e e Be e ww B e ew  ww e

S, Level of -

No.  Education chulahe . plangs  ceokers
N:200 - N:20 N:40

1 Head of the family
Illiterate 46 - -
Primary school 24 ‘ 10 20
Middle school 16 35 40
Higher Secondary '

level 14 - 55 30

College level - - 10

2  Homemakers
Illiterate 68 5 -
Primary school 22 30 10
Middle school 8 25 60

Higher Secondary :
level : 2 40 20

College level - - 10

. e cem evm e ewe  mas  sem e S0 euw  wmy  ews  w» exe w98 oes M0 @S Swd  mew O waw  gay e SO w50
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The fact that even illiterate adopted smokeless
chulahs, was noteworthy, proving the utility and simplicity

of the device, appealing of to all sections of the society.

The extent of adoption of biogas plants and solar
cookers varied with the educational status of the head of
the family and homemakers pointing out that the operation of
biogas and the use of solar cookér demands sound educational
backgrounds. As Verma (1978) opines, the awareness and
receptivity to new technology, is likely to be favoured more
by those having some educational background because of their

exposure to development of new ideas.

Occupation Vs Adoption

The occupational structure of the families Vs adoption

is presented in Table XXIV,

TABLE XXIV
OCCUPATIONAL STRUCTURE Vs ADOPTION

= sem  mwt e san e s 4 4on  wee e WP e e e WS gy SRR e e W N B wes M S Pwe e e e

w— e s e em e o ems s WP sam M e WY e W me e

S, Categories of .
. Smokeless Biogas Solar
No. occupation chulahs plants cookers
N-2200 N:20 N7 40
1 Agricultural land
owners 20 100 50

2. Agricultural

labourers 52 - 10
3. Business 18 - - 40
4, Non Agricultural

labourers 6 - -

o ms ama mm A e mma  Mem wem e &W ews  ees  ewm  wm s oy MR men  gea Gk S8 ows e MR oW avm oem e was
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Smokeless chulahs were adopted by all categories
of families probably because of its lowcost and easy
construction and operation. On the otherhapd, the families
who owned biogas.plant were only landowners, since
possession of sufficient number of cattle, adequate space'
for construction of the plant and availability of land
“to use the spent slurry were the pre requisites for adoption

of biogas technology.

B. Observations Recorded on the Construction Operation

and Maintenance of the Devices Introduced

1. Smokeless Chulah

a. The smokeless chulahs were installed by 90 per
‘cent of the families in the kitchen or in the
cooking area allotted in the multipurpose room
after demolishing the existing ordinary chulahs.
The femaining families had installed the chulahs

in a corner of the verandha,

b, All the families had put up their chulahs facing
west as per traditional customs prevailing in

Tamil Nadu,

¢, The chulahs were constructed at a raiséd;levei
only by 12 per cent of the families for greater
convenience and comfort while cooking. The rest of

the families had constructed the chulah at lower
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level to facilitate cooking items such as 'Ragi
Kali'* which requires constant stirring. The area
beneath the platform was used by them for storing

firewood and utensils used for cooking.

d. The households used mud, sand, cement and bricks
for constructing the chulahs., 1In 80 per cent of the
households the heads of the families and homemakers
supervised the constructional aspects. The installa-
tion charges varied from Ks. 15 to Rs: 5% depending
on the height of the platform for the chulahs.

e. The first pot seat wés mainly used for keeping bigger
utensils for cooking rice and other ceral preparations
such as 'Iddli’  Ragikali, 'Cholam Dosai' © and for
boiling milk. On the other hand, the second pot

‘seat (smaller in dimension) was being used for
preparing vegetables and dhal and also for seasoning
purposes. Both the pot seats were simultaneously

used as per instructions given,

f. The correct use of the damper is an important factor
affecting fuel consumption. Observations indicated,
out of the two dampers, all homemakers used the damper

at the base of the chimney; only 15 per cent of the

* 'Ragi' is one of the locally produced millets.
'Ragikali' is a preparation resembling gruel used
" in the village households, '

*¥% 17ddli' is a steamed preparation,
*%¥%  'Cholam' is a one of the locally produced millets and
the batter made out of it is used foxr preparing 'Dosai’.
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homemakers used the damper in front of the fire
box, since the others considered this practice

inconvenient.

g. All the homemakers expressed that the smokeless
chulahs lent themselves for the use of other fuels
also such as barks and twigs, crop waste and coconut

shells, besides fuel wood,

h, The smokeless chulahs were cleaned thoroughly, by
removing the ashes from the fire box every day
after use, The homemakers used 'Kavi'* or 'lime
stone' to maintain red and white colours in the
smokeless chulahs respectively. Smearing with cow-
dung and putting 'Kolam'** was also practiced by

some families, N

i. The chimney pipe was cleaned periodically once
in fifteen days for efficient functioning of the

chulah,

2, Biogas Plants

a. All the biogas plants were constructed on an
elevated ground in order to avoid the seepage of water

near the plants and easy draining of rain water, The plants

* 'Kavi' is a red colouring powder used for floral
" decorations,

*% 'Kolam! is a common floral decoration of Tamil Nadu,
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were constructed in such a way without any shading effect

of big trees or a tall building nearby.

b, Space was no problem for any of the households
since all had their own houses with a fairly large house
site area of more than 100 sg.m. Sixty five per cent of the
biogas plants were constructed at a proper distance of
within 25 metres from the kitchen, to ensure sufficient
gas production, All the biogas plants were located withiﬁ
3% metres from the cowshed to facilitate easy transport of

cowdung from the cowshed,

¢. Since the motivational programme highlighted the
importance of 'Janata'Model' biogas plants (Dome type)
over the conventional KVIC model, all the families had
constructed the Janata Model biogas plants. The capacity
of the gas plant constructed was 6 cu.m irrespective of the
number of cattle owned and size of the family. It was
revealed that the income of the family did not play an
importént role in deciding the capacity of the biogas plants

constructed.,

d. Most of the biogas plants (80 per cent) were completed
within a period of three months. In other cases the period
taken to complete the construction was about six months due

to the delay in getting the materials such as cement.
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e. The total cost of construction varied from Rs: 7000~
7500 and the families received loans from Indian Overseas
Bank Branch, located at the premises of Sri Avinashilingam
Krishi Vigyan Kendra, Vivekanandapuram. A sum of Rs: 2500
was received by the families as subsidy.
The break up of the consfruction cost was as follows:

1. Building material

(Brick, cement, sand and
iron rods) : ... 59 per cent

2. Accessories

(Pipes and gas stove) ee. 27.95 per cent

3. Labour charges ee. 13.D per cent

Nearly 60 per cent of the money has been spent on
building material, since the whole structure involves
masonary construction., The cost of the pipe line Qaried

with the distance of the biogas plant from the kitchen.

f. The quantum of cowdung used for initial loading of
the gas plant varied from 6000 to 7000 kg, » A quantum
of 160 to 170 kg of dung per day was fed into the plant,

The number of cattle possessed}ranged from 9 to QO

ensured adequate supply of cowdung to feed the plants,

In 60 per cent of the households, men labourers were reported
tb be mixing the cowdung with water and in 25 per cent women
labourers; and in the rest adolescents were preparing the

slurry to be fed into the plants., The labourers working in
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their own farm were utilised for the preparation of dung
mixture, The cowdung with water was mixed in the ratio
of 1:1 to get the optimum production of gas. The feeding

was done once a day most preferably in the morning.

g. All the families used biogas for cooking purposes,
In addition 20 per cent of the fémilies used the biogas
for heating water, Though the biogas could be used for
lighting and agricultural operations, the priority was
given to the household cooking indicating the necessity
to relieve the women from the drddgery of smoke and also

to save fuelwood for cooking.

h, The families were following certain precautions

for efficient operation of the biogas plants:

1, Removing the stalks and solid materials from the
cowdung before mixing,

2. Mixing cowdung with water thoroughly in the
proportion of 1l:1.

Regular feeding of the cowdung.

3

4, Removing the accumulated water from the pipeline,
5. Cleaning the burners frequently,

6. Checking the outlet of the slurry,

.

3. Solar Cookers

a, The Solar Cookers were reported to be used by the
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the families between 10.00 A.M. and 5 P,M, on the sunny days
by the homemakers, The solar cookers were brought out and
placed in the front yard by 64 per cent of the homemakers,
and at the back yard by 36 per cent of the homemakeis at

the time of cooking.

Table XXV presents the number of days on which the

- solar cookers was used by the homemakers during the experi-
“mental period of six months (January to June, 1985),

TABLE XXV ”

NUMBER OF DAYS THE SOLAR COOKERS WERE USED

Number of '
Month Homemakers using the Megg 2“3225 9f
solar cookers Y
N:40

January 10 12

February - 22 14

March 18 15

ay 24 25

June ' 12 11

- mpa  ama  emw e e wes S ews e wne  mw  aem MR 6 D e e T e e  oom e een  mmb  wes a8 sew b o

The solar cookers were used only for 12 days on

an average in January and in a maximum number of 21 and 25
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days in the months of April and May respectively. This
may be due to the high intensity of solar radiation during

‘"these two months,

b. All the selected families used solar cooker whenever
possible, The time taken to cook the foods varied with
the quantum of food stuffs used and with the solar

intensity of the day.

c. Apart from cooking, 55 per cent of the homemakers
used the solar cookers also for drying various items such
as chillies, maize, corriander seeds, gingelly seeds and

'maruthani' leaves,

C. Outcomes of Introducing Improved Fuel iAanagement

Practices

1. Smokeless Chulah

Several advantages were reported by the adopters

in using the improved chulah (Tgble XXVI).
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ADVANTAGES OF USING SMOKELESS CHULAH

e e wmm  eme ewn e G W sms WS e Swm  dee BN wen  Ome  MNR  GE  wee WS emm NS R Gme s She e pes Gms  wee

Percentage of home-

S.No. Advantages makers stating
N:200
1 Eliminates smoke from the kitchen 100
2 Keeps the kitchen wall clean at
lower costs 100
3 Lends for the use of all'types |
of fuels ' 100
4 Gives soot free utensils 99
5  Saves time ih'cleaning,utensils 99
6 Foster better family relationship 97
7 Helps to prepare extra items 97
8 Saves time in meal preparation 96
9 Saves fuel wood 96
10 Simple Technology 95
11 Cheaper cost of construction 94
12 Reduces the attention given to
the chulah 94
13 Removes eye strain 93
14 Removes the drudgery in cooking 92
15 Minimises time spent in fuel collection 75

BB wew  mm - W e e e e Wk W s wen KM mam e e G mee G wam Gy W 0N wum  oo@  oeem  wm  oee gom  ewe fon

All the homemakers spontaneously mentioned the benefit

of smoke free kitchen which enable them to perform cooking
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in hygienic, pleasant atmosphere., Providing opportunities
for all the family members to remain inside the multipurpose
room (now free from smoke), this simple device helped to
develop better family relationships. Seventy five per

cent of the homemakers mentioned the saving of trips for

fuel collection,

When asked to quantify the fuel saved in using the
smokeless chulah, the data as presented in Table XXVII

were obtained,

" TABLE XXVII

FIRE WOOD CONSUMPTION BEFORZ AND AFTER INTRODUCT ION OF
SMOKELESS CHULAH AS POINTED OUT BY THE HOMEMAKERS

om  Mm G v AN s e mm  mee A s WE v e eam R e e wwe  ww

S. No. of

No. family gidinary Smokeless Fire wood saved
members ulah chulah ?g;ifiy for the

2 3.25 3.00 0.25

3 4,90 4,00 0.50

4 4,75 4,25 0,50

5 5.50 5.25 0.50

6 5. 50 5,25 0.2%

7 5.75 5.20 0.50

s esa  wem  ava wes eew s G ews oM i e GNP sew et s G%  Wee M ey M s Gem e se  awe  mem e

The Table indicates that a saving of 0.25 to 0.50

kg, of fire wood per day per family could be realised through
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the use of smokeless chulahs, Taking the prevailing
price of fire wood to be 80 paise per kilogram, a
saving of Rs: 6 to Rs: 12 pexr month was possible, besides

getting other benefits.

As for saving of time, 90 per cent homemakers
saved 40.minutes of their cooking fime everyday due to
the higher thermal efficiency of the smokeless chulah,
Preparation of two items simultaneously was an added

advantagé.

However, certain problems were reported to be
encountered by the users of the smokeless chulah

(Table XXVIII).
TABLE XXVIII

PROBLEMS FACED IN USING SMOKELESS CHULAH

: Percentage of
S.No, Problems faced ' homemakers
' stating
Nell

s e ewe e s e mD AR tem M eee  m Gme M WD et MR SRR B W e S N e WA eem  Cwe e wwo

1 Big utensils could not be used
since the pot hole was small 100

2 Removal of soot from the chimney
pipe is difficult 73

3 Leakage of water through the
chimney pipe 64

4 The distance between the second pot
seat and the chimney is less 46

- e et mes see oSt s e e mms s @Nr s an#  ems  EED M e v C enm 6N wen S mum W awe  mse e wor
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The problems though, expressed only by a few home-

makers, are worthy of consideration.

2., Biogas Plants

The benefits realised by the homemakers by adopting

the biogas technology are mentioned in Table XXIX
TABLE XXIX

BENEFITS DERIVED FROM THE BIOGAS PLANTS

Percentage of

S.No. Benefits Families reporting
: N:20

1 Supplies efficient fuel gas 100
2 Supplies rich manure reducing the

money spent on chemical

fertiliser 100
3 Avoids smoke and smell 95
4 idaintains the surroundings clean 90
5 Conserves time and energy in

cooking food and cleaning utensils 90
6 Reduces monthly expenditure on fuel 80
7 Facilitates getting more time to

relax ' 80
8 Prevents growth of flies, mosquiotes

and weeds in the open slurry 75
9i Reduces the eye strain 70

- wes  wm e e e G0 mm BE em e cem AN %o ON%  wt  gume SN ems @ ews  eon MY em  oun S ©M e

The major benefits were in terms of efficient fuel
gas and fertiliser as realised by homemakers. No homemaker
expressed problems in the use of the newly constructed

biogas plants,
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3, Solar Cookers

The homemakers mentioned their opinions on solar
cooking, as found in Table XXX
TABLE XXX
OPINION ON SOLAR COOKING

- mes s e awe W W me e e e Swe e e @ @ mee  wm gem  tee  wed e Smb et wem  eme s ems WO

Peicentage stating

5.No. Opinion N:40
1 Novel way of cooking 100
2 No fuel consumption ' 100
3 Pollution free cooking _ 96
4 Easy to clean the utensils o 84
5 Utilising available resources 60
6 Eliminates the problem of
collecting and storing fuels ‘ 56
7 Easy to operate the cooker 52

tlore than 50 per cent of the homemakers realised the
various benefits of utilising solar energy for cooking,
The novel way of cooking was fascinating to the rural
homemakexrs. Ninetyrsix per cent of the homemakers mentioned

the solar cooking is pollution free as the cooking is done

in an enclosed box.

Table XXXI gives the items cooked and the time taken

to cook the selected items in the solar cookers.
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TABLE XXXI

TIME TAKEN TO COUK THE SELECTED ITEMS IN THE SOLAR COOKER

o amt e e mw e e wwe  Mes  wew  ue  Mma e e e s wet  sew e emm ewe  mew  emm et e e ame s

Mean time taken

S.No. Item cooked Qzﬁngity Hrs. ins.
1 Rice 400 2,90
300 2.05
200 2,00
100 1.10
2 Redgram dhal : 250 3.15
' 150 : 2,30
3 Green gramdhai 250 2.10
, 200 2.00
4 Whole green gram dhal 250 2,50
: 200 2.35
5 Bengal gram dhal 300 2,50
6 Cowpeas 100 1,25
7 Dried peas - 1060 2,07
8 Channa 100 1.45
9 Carrot 300 3.40
10 Beetroot _ 300 - 3.00
11 Potato | 150 2,00
12 | Beans ‘ ' 150 2,00
13 Cluster beans 150 2.00
14 Broad Beans | 100 2.00
15 Yam 100 2,52
16 Cabbage 100 2.50
17 Sweet potato 250 2,30
18  Roasting of groundnuts 100 1.00

19 Eqgg ‘ 4 Nos, 0.40

- ewm e s s R me mes  wes  ma ame me w2 A my M mop v m  mwe e oom 6% mwe  ewe  Sem awe @ e oo
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The Table indicates the homemakers cooked several
items by using solar cookers, The data shows at a glance

that comparatively the solar cooking takes more time,

The homemakers were not satiéfied with some of the
products cooked in the solar cooker and their specific
remarks are given below (Table XXXII).

TABLE XXXII-

ITEMS NOT PREFERRED BY THE HOMEMAKERS IN SOLAR COOKING

S e e sem s  mes  mes e e s e et eme VR ews  mes e St e eme e e M s sam e pen e mes wes

36. Item Reasons

l.-Horse Gram Not cooked to the desired texture'
2, Brinjal Colour changed and tastes bittér
3., Ladiesfinger Slimy nature of the product

4, Plantain N Not tasty

5. Snakegourd and Not cooked to the desired

Ridge gourd texture
Eventhough the solar cooker is preferred to cook

certain items the homemakers did not favour the use of the

cooker for cexrtain other items mainly vegetables,

The limitation pointed out by the homemakers in using

solar cookers were as follows:

1. Bringing the solar cooker out of the house was very

difficult due to its heaviness.
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2, It took comparatively more time to cook the
items in the solar cooker,

3, Cooking depends predominantly on solar intensity, which

they were unable to judge., It cannot be used

during nights or in rainy seasons,

4, Solar cooking cannot completely replace cooking
with fire wood or other fuels,

5. Large quantity of food cannot be cooked, owing to
the small size of the cooker,

6. Frying cannot be done,

7. The appearance of certain cooked products was
changed (darkened).

8, Solar radiation affects the eyes and the body
since solar cooking demands working in the hot sun.

9, Delicate parts of the cooker like glass are easily

breakable.

The practice of using imprdved devices and methods
in the rural households have brought qualitative change
in the appearance of the house especially kitchen, The
drudgery of smoke is eliminated through the use of smoke-
less chulah, resulting in a much cleaner kitchen. The
accumulated cowdung near the house site has been effectively
transferred into the biogas plants making the surroundings

neat and tidy thus promoting healthier and happier living,
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The homemakers who have been toiled using age old
methods of cooking with primitive chulahs have been
exposed to the novel way of cooking using solar cooker
thus utilising the available resources, Figures 24 and
25 clearly depict the before and after adopting the

improved fuel management practices,

D. Resource Recovery through Improved Fuel Technology

The resource recovery in terms of fuel, money and
time resulting from the introduction of the improved fuel
management practices is discussed in the subsequent

paragraphs.

1. Smokeless chulah

a) Fuel saved with the use of smokeless chulah

Table XAXIII and Table XXXIV and Appendix X show
the fuel wood consumption before and after introducing
the smokeless chulahs in the 50 households where indepth

studies were conducted,
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The mean per capita saving effected in fuel wood
used as a result of adopting smokeless chulahs amounted
to be 0.130 kg, per day per person for the families cooking
two meals a day and 0.131 kg. per day per person for those

following a three meal pattern.

Taking into account the average size of the rural
household for Tamil Nadu (i.e., 4.46) the saving of fuel
per family per annum was estimated (0.130 kg,x 4,46 x 365
days) to be 211,627 kg, (L1.4 per cent of the fire wood
éonsumption). The smokeless chulah results in a saving
of 11.4 per cent in the present consumption of fuel wood
per family, The consequent saving in fuel wood consumption
for the nation would be 15,20 million tonnes per year
(11.4 per cent of 133 million tonnes) if all the families
adopt smokeless chulah; Thus with an initial expenditure
of Rs:50 for a smokeless chulah, much saving in fuel cost
is effected, contributing to the fuel and forest economy

of the nation.

b, Money saved with the use of smokeless chulah

The saving of fire wood effected by using smokeless

chulah is amounted to 212 kg per family per annum. Based

* Ref: Report based on data collected through the State
Sample of National Sample Survey - 32nd Round 1977-'78
issued by the Department of Statistics, Madras, 1979,
p.l6.
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on the prevailing prices of fire wood at the rate of 80
palse per kilogram, the saving of money on fuel would be

Rs, 170 per family per annum,

3. Time Saved with the Use of Smokeless Chulahs

Table XXXV gives the mean time expenditure in

cooking food and cleaning utensils while using ordinary

and smokeless chulahs.

TABLE XXXV

TIME EXPENDITURE IN COOKING FOOD AND CLEANING UTENSILS
IN ORDINARY AND SMOKELESS CHULAHS

o e e s e wmr  wme R e W A Gew MR mar W WS Gas SN e M e wes WS WEs e Sus W me  wwe e waw

e W e wwe s e e e SR AR SRR MG o WS WS Gme WM mee e eem

S.No., Activity In ordinary In smokeless
_ _chulan | _ _"_chulan_ _ _ Difference
iiinutes Minutes Minutes
1 Cooking Food 199.24 167.18 32,06
2 Cleaning utensils 14.8 8.08 6.72
Total 214,04 175,26 38.78

o me e W e e W OTR oS Gms e ewn  GwS  wew e 58 mme MM G eI esa o2 D0 S awe  wew e s wne e

It was interesting to note that the mean saving of
time for a homemaker in cooking food and cleaning cooking
utensils amounted to be 38,73 minutes per day or 236

hours per annum (1O man day$ per annum) which

the homemakers may utilise for productive purposes.
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Figure 26 shows the resources recovered by the families

with the use of smokeless chulah.

2, Biogas Plant

a, Recovery of fuel wood

The fuel wood recovered by using biogas as fuel
in the families was computed, based on the consumption of
firewood prior to the introduction of biogas plants.
Table XXXVI gives the consumption of fire wood by the

selected families before uéing biogas for cooking,
TABLE XXXVI

FIRE WOOD CONSUWMPTION BY THE SELECTED FAMILIES BEFORE
USING BIOGAS FOR COOKING

- e e mm me e WS g GW G W W GNR S R MR SN R R G G TEe SN W e AR Me W mem e

S. Number 0of - = = = = = = = e o = - - .- - - - -~ -
No. members For the Family Per Capita
1 5 | 5.20 1.04
2 o) 5.10 1.02
3 5 5. 60 1,12
Mean value 5,30 ‘ | 1.06

The mean fire wood consumption per day per capita
was. 1,06 kg.

After constructing the biogas plants, the families
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used only biogas for cooking. The volume of biogas needed
for cooking a whole day's menu was assessed by using the

Gas flow meter (Table XAXVII).

TABLE XXXVII

VOLUME OF. GAS CONSUMED FOR THE PREPARATION OF THE
DAY'S MENU

mE wm oms Ews A mm e G e e G se SN G ER WS @m e ew  mm  ee  em e W w  Sm e e oW

S. Ttem T Tl il e NP

No. Fa?lly kaglly Family Mean

1 Breakfast 273.0 268.0 256.0 265.6

2 Lunch 429.6 427,3 492.6 449,8

3 Tea 175.6 160.0 180.6 1721

4 Dinner 254.0 309.4 1344,3 302.5
Total 1132.2 ll64f7 1273.5 1190.0

e mme e W Roa e Gew  wem R W S WEe  mek DR e e S wee  mes  Oee  MOR e GEm e wws  ems S s e ST e

The mean volume of biogas required to prepare a
day's menu for a'family was féund to be 1190 litres or 41.65
" cu,ft. and the per capita was estimated to be 238 litres or
.4 cu.ft. This data correlates well with the existing
data of Khadi and Village Industries Commission (8 cu.ft.

per capita).

b, Recovery of iloney

The comparison of fuel consumption per family per
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annum while using fire wood and biogas is presented in

Table XXXVIII.
TABLE XXXVIII

COMPARISON OF FUEL CONSUMPTION PER FAMILY PER ANNUM WHILE
USING FIREWOOD AND BIOGAS

Per capita Consum- Consum-

X . . Money
S. consumption ption ption per -
No. Fuel per day per family ;:ﬁ?g.
family per annum ‘
_per day
1 Firewood (kg.) 1,06 5.30 1934.5 1547,60
2 Biogas (litres) 238 1190 434350  1525.60
*¥ or

434,35 cu.m,
¥ 1 cu.m = 35 cu.ft = 1000 litres.

Ref, ilyles, R.iM.A, 'Report on Biogas Technology'
Action for Food Production, New Delhi, pp.22-24,

*%* Value based on the capital investment for constructing
biogas plants.

Thus by installing a 6m3rbiogas plant, with the
initial cost of Rs:7,500,fire wood of the’vélue of Rs:1,547.60
per annum could be saved., Taking into consideration the
subsidy available, the family has to repay only Rs:i5,000 as
loan, A considerably long repayment period of 5-7 years
is given for the adopters, the interest rate being only

10.5 per cent. - Thus a family has to repay approximately
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Rs37,625 over a period of five years or Rs:1,525 per annum

(Capital plus interest).

In addition to the saving of 193% kg, fuel wood per
annum 21,90 tonnes worth of farmyard manure could be obtained
from the biogas plant, saving considerably on the fertiliser.
costs for the farmexrs, From these savings, the loan dues
for biogés plants could be easily repaid within the
stipulated time, Thus the biogas plants constructed proved
to contribute to the fuel economy of the household, besides

offering several other advantages.

3. Time Saved while Using Biogas as Fuel

The average time taken to prepare‘whole day's
menu using fire wood and biogas as fuel are given in Table

XXXIX,
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The time taken to prepare a day's menu for a
family of five members was aboﬁt foﬁr hours. The data
shows that only a negligiblé amount of time was saved
by using biogas as fuel over the ordinary chulah. By
careful planning of the menu and cooking schedule the

time could furthexr be reduced to three hours or even less,

3. Solar Cookers

Table XL indicates the time taken to prepare the
selected items by using solar cooker and ordinary

chulah.
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TABLE XL

COMPARISON OF TIME TAKEN TO PREPARE THE ITEMS USING
SOLAR EMNERGY AND FIREWOOD

B e e em aus SR Gme  ewm WM e et SR cum  Gem  mam M e e GaE e R ee TR gem  em  Bes  Gme e e e

: Quantity = « = = = = = = - e e e - -
S, Items in Solar Use of .
No. cooked grams cooking* fire wood Difference
Hrs., idts. Hrs. Mts, Hrs. Mts.
I Rice 400 |
Red gram 1100
dhal §
Beetroot 150 | 2 00 1 00 1 Q0
Roasting
groundnuts 200 1 00 0 10 0] 50
IT Rice 400 |
Redgram dhal 100 |
Carrot 150 | 2 40 1 00 1 40
Peas 100 1 40 0 25 1 15
III Hice 300
Redgram 0
dhal 150
Cluster g
beans 100 2 30 1 00 1 30
Egg 4 Nos, 0 40 O 10 0 30
Bengal gram . : ’
dhal 150 1 40 0 30 1 10

. et we e e e swe e eam e man  aee  Mw  wms  Sem ea e B wta GNE MR ey Wt Sm e CMm ot e wee e e

* An addition of 15 minutes is required for seasoning
the items cooked by solar cooker,
The time taken to cook items for lunch ranged from
2 hours to 2 hours and 40 minutes. An addition of 15 minutes

were required to complete the cooking namely frying or
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seasoning. The preparation of snacks required one hour

to one hour and forty minutes depending on the items,
Though apparently solar cooking requires a lot of time,

50 per cent more than cooking the same menu over fire wood,
there is the advantage of less attention for cooking
required by the home-maker, The time thus saved cpuld

be used by the homemakers to complete the other household

chores while food is being cooked in the solar cooker,

b. Fuel and Money saved through Solar cooker

The quantum of fire wood that was needed to prepare
these items on an average was 0.8 kg. per day using ordinary
chulah., This could be saved if solar cooker was also
used for cooking the menu, This results in a saving of
L60 kg, of fire wood per family per annhm-if solar cooker,
is constantly used on all the bright sunny days (200 days

in a year).

Thus the improved fuel management practices help
in conserving the valuable forest resources besides

recovering human and material resources of the family,



V. SUMMARY AND CONCLUSION

The world wide energy crisis has brought increasing
emphasis upon the use of renewable sources of ehergy.
This study made an attempt to motivate a selected group of
rural households through education, towards adopting
appropriate fuel management practices such as the use of
smokeless chulahs and biogas and solar cookers. Twelve
villages in Karamadail Panchayat Union, Coimbatore District

were selected for this project.

A preliminary survey was conducted in 914 house-
holds drawn from the 12 villages to undérsﬁand the existing
fuel management practices, A large majority, of the
families (93 per cent) were nuclear, indicating the decline
of the joint family system, The analysis of the population
showed that 21 per cent weré adolescents and 49 per cent were
adults, showing the high work force potential, More than
70 per cenf of the sample were illiterate, Their pre-

dominant occupation centred around agriculture.

Firewood, barks and twigs, specific crop wastes
such as cotton stalks and chilly plant waste were the
fuels used by the househélds. Their work pattern indicated
that 11 per cent of the time of the households had been
spent in collecting fuels which needed walking about 2 to 3

km., every day.
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All the homemakers used the ordinary chulah only,
Sixty nine per cent used two pot seated ordinary.chulahs,
while 31 per cent used'one pot seated chulahs, Eighty nine
per cent had the chulahs at floor level and the remaining

had them at higher working levels,

Aluminium was found to be commonly used for cooking,
replacing the traditional mud-pots. The homemakers reported
that they encountered seversyl problems in using the
ordinary chulahs, The major problems mentioned were smoke
emission, soot deposition on the utensils and walls,
difficulty in cleaning the utensils, frequent attention
needed by the chulah, and high cost of the fuel>and its
wastage. Ninety five per cent of the homemakers expressed
their desire to change the traditional chulah to overcome

the problems associated with it.

Experiments were therefore conducted at the laboratory
level to select utilising some of the existing‘devices to
evolve a smokeless chulah, biogas technology and solar cooker
suitable for introduction into the rural households, Based
on the findihgs, the 'Avinashilingam' model for smokeless
chulah, Janata model for biogas plant and Box type for solar
cooker were chosen, as they proved the best améng the

various models studied.
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Later, after the ihtroduction of the devices, the quantum
of fuel wood consumed was noted in the case of households
adopting smokeiess chulah and solar cooker. A gas flow
"meter was used to measure the volume of biogas consumed

for cooking.'

The following are the findings of the evaluation:

Factors such as size of the family, type of
family, occupational structure, education 6f both head of
the family and homemaker had a definite influence on the
adoption of a new technology. More number of nuclear
and small families favoured the new innovative methods.
The agricultural families alone showed interest in the
construction of biogas plants since the spent slurry '
could be effectively used in their fields as fertilizer.
Educated homemakers showed great interest in experimenting

with solar cookers,

Smokeless Chulah

1. ALl the homemakers expressed that the newly
constructed smokeless chulahs lent themselves for the use
of barks, twigs, crop waste, and coconutshells besides

firewood,

.2, Ninety per cent of the homemakers expressed
that 40 per cent of the time could be saved, while using

smokeless chulah, since two items can be cooked simultaneously.
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3. Clean environment, better family relations,
reduction in fuel cost and eliminafion of drudgery for
the homemaker in the process of cooking food and cleaning
utengils were the benefits according to the homemakers

as a result of using smokeless chulah.,

4, The mean per capita saving in fuel consumption
was found to be 0.130 kg. per day for the families cooking
two meals a day and 0,131 kg, per day for those following
thiee meal pattern. The total consumption of firewood
per family per annum was found to be 1855 kg, in the ordinary

chulah and 1643 kg in the smokeless chulah,

- 5., The saving of fuel wood per family per annum,
calculated based on the average size of the rural house-
hold for Tamil Nadu i.e., 4.46 (obtained from the reports
of the erartment of Statistics) was found to be 212 kg.
Taking into account the national estimate of the present
fuel wood consumption to be 133 million tonnes, a saving
of 15,20 million tonnes would be effected, if all the
households in India using fuel wood for cooking, adopt

the smokeless chulah.

6. Considering the prevailing prices of firewood
the saving of money on fuel worked out to be Rs;1l70
per family per annum for which an initial investment of

only Rs:50 was needed for the smokeless chulah.



203

7. The time saved in cooking food and cleaning
cooking utensils by the homemakers amounted to be 38,78
minutes per day. Consequently, 236 hours or ten man days
could be saved per annum which could be utilised by the

homemaker for productive purposes,

Biogas Plants

Encouraged by the motivational programme, 20 families
constructed 6 m3 Janata model biogas plants to utilise
the cowdung'available in an efficient way. The biogas
plants were constructed on an elevated ground within 3%
metres from the cowshed to facilitate easy transport of
cowdung from the cowshed, Sixty per cent of the expenditure
were on building materials since the whole structure involves
only masonry construction, The number of catﬁle possessed
’rangéd from 9 to 20 which ensured adequate supply of cowdung'
to feed the plants. A quantum of 160 to 170 kg, of cowdung
mixed with water in the proportion 1:1 was fed into the
plant every day to get optimum gas production. The Biogas
was used mainly for cooking purposes. Twenty per cent of
the families used the biogas for heating water., The use
~of biogas for cooking resulted in several advantages

as given below:

1., The biogas plant supplies efficient fuel gas and

manure, gives cleaner environment, avoids smoke and smell,
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gives more time to relax,

2. The homemakers mentioned that their kitchen were

much cleanexr than before,

3. The analysis indicated that for cooking a day's
menu 1190 litres of biogas were needed for a family of
- five members. The per capita consumption was estimated
to be 238 litres or 8.4 cu.ft. These families consumed .
on an average 5.3 kg, of firewood for cooking a day's meno.
A quantum of 1935:kg,of firewood woxrth Rs:1547 could be

saved per annum per family, by installing biogas plants.

4. In addition to the saving of considerable amount
of firewood, 21.90 tonnes of farm yard manure could be
obtained from the biogas plant saving considerably on the

fertilizer costs for the farmers.

5. The time taken to prepare a day's menu for a family
of five membeTs was about 224 minutes, when biogas was used
as fuel, and 248 minutes when fire wood was used as fuel,
fluch more time could be saved by careful planning of the

menu and cooking schedule,

Solar Cookers

The solar cookers were reported to be used by the
fanilies between 10.00 A.id. and 5 P.il. on the bright sunny
days. The solar cookers could be used only for 12 days on

an average ih January and a maximum number of 21 and 25 days
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in the months of April and i#ay respectively, due to

the high intensity of solar radiation during the summer

months.

Rice, dhal and vegetables were cooked by using
solar cooker. Solar cookers were used also for drying
various items such as chillies, maize, corriander seeds,
gingelly seeds and 'maruthani' leaves, More than 50 per
cent of the homemakers realised the various benefits of
utilising solar energy for cooking. The novel way of

cooking was fascinating to the rural homemakers:

1. Cooking by using solar energy took more time

on a comparative basis.

2. Eventhough the solar cooker were preferred to
cook certain items, the homemakers did not favour the use
of the solar cooker for certain other items mainly,
country vegetables, since the appearance of thé pioducts

was changed considerably,

3. The heavy weight of the cooker, inability to use
it in the night, lack of feasibility to cook large items
and intermittent nature of sunlight were the limitations

pointed out by the homemakers in using solar cookers,

4, Though apparently solar cooking requires much

more of time (50 per cent more than firewood) there is
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the aGVantage of less attention for cooking required by
the homemaker. The time thus saved could be used by the
homemaker to complete the other household chores while

the food is being cooked in the solar cooker,

5. The quantum of firewood that was saved was found
to be 0.8 kg.per day which results in a saving of 160 kg,
- per family per annum if solar cooker is constantly used

on all the sunny days.

This study has thus thrown light on the possibilities
of saving fuelwood by introduction of improved fuel mana-
gement practices in the rural-households. The favourable
factoré associated with the adoption of any new innovation
'by:the rﬁral families as perceived by the investigator is
shown in Figure 27, The following recommendations emerge

from the study.

1l It is a happy augury that Government of India has
initiated a number of scé¢hemes to combat the energy problem
“today. However, efforts should be taken to enable people
to obfain the various benefits, through an integrated
approach in the schemes of the Soéial Forestry Programmes,
Department of Non Conventional Energy Sources (DNES), Khadi
and Village Industries Commission(KVIC)and Department of

Science and Technology (D3T).
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2, The approach of the various agéncies should be
'people oriented' and not merely 'target oriented'. To
achieve this a strong motivational programme should be
planned for the rural families through which they should be
oriented to the scientific aspects of conserving fuel

through the use of renewable sources of energy.

3. The failure of the Dome type Janata Biogas plants
is mainly due to the faulty construction of untrained masons
making an attempt to construct the 'dome type plants' which
require special skill, Hence training of masons in the proper
construction of 'Janata biogas plants', of potters in making
smokeless chulahs, of artisans to fabricate solar cookers
~ should form an integral part of the rural reconstruction
efforts. The TRYSEM (Training Rural Youth for Self Employment)
should be geared towards making smokeless chulahs, construction
of biogas plants, fabrication, maintenance and repair of

solar devices,

4, The scientific temper should be created to design

the devices to suit the local needs,

5. Wider publicity should be given in a convincing manner
through mass medias such as Radio, Television and Film shows
that these improved fuel technologies help to conserve fuel

and time, and at the same time leave a cleaner..kitchen,

6., Introduction of these devices should be stressed in

all the Rural Development Efforts in the country. o
7. A close integration between research and extension

activities in the country,must be maintained,
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QUESTIONNAIRE USED TO ELICIT INFORMATION REGARDING FUEL
MANAGEMENT PRACTICES

General Details:

Name of the Village
Panchayat

Panchayat Union
District
Name of the Interviewee

Address

Name of the head of the
household

Relationship to the
interviewee

Type of family
Caste

iMother tongue

Family occupation

Own house or rented
Area of the house

Area avallable in the
front yard

Area available in the
court yard

Location of the
household

.o

.e

.

.o

.0

Muclear

Joint
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3, Family income and expenditure:

a) Income from (a) Major Source : Rs,
(b) Land : Rs,
(¢) Subsidiary occupation : Rs,
(d) Others if any : Rs.,
Total : Rs.

b) Expenditure (per month):
Food : Rs.
Clothing : Rs,
Fuel : Rs,
Housing : Rs,
Education : Rs,
Health : Rs,
Transport '+ Rs.
Social Expenses : Rs,
Personal : Rs,

II. Fuel management:
1. Inforxmation on fuel:

Fuel used and procurement of fuel:
"""""""""""""" T T T T T Source” T 7,7 T
5.No., Type of fuel used = = - - - Bl i

Own farm Neigh~ Pur-
and house bourhood chased

s e e e mm met e pme e M wwe e e e e e pea e w ewe - e om Em oem me we

I
i
Fire wood :
Barks and twigs !
Crop waste (specify) !
Coconut shells and fibres;
|
i
1
|
|

" Charcoal
Kerosene
Biogas

1
2
3
4
5 Dung cake
6
7
8
9 Any other
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2. Storage of fuel:

o wm mee e wees  Sve sww  Tow e eew e e emp B ame  eme M wup s MR e M gme  wm  em e e e

r .
Place of | ilethod of storage

1 1

1 1 Problems
Fuel ' storage . Rainy | Other I if any in

| i season | season | storage
I r--=--- - - - - =-- - - - - -

! ] ] !

i | i i

- I | I

] i 1 ]

3. Person responsible for collection of fuel:
__________________________ F SO —
' ' |Place of : Time !

Fuel ' Person P Age dn 1y Tecting | taken in 1 froblems
1 collecting 1 years 1 (gictance ! collecting, if any
1 | 'inkm) ! |
S R S N .- - -
1 ' v i '
1 1 i ] :
| 1 i 1 |
! ] | i |
! ! | 1 |
L AU R R b

| e Amount spent!
Quantity of !

per day on !

fuel used 1 fuel :

Problems in
using fuel

— ewn W Wm e e pee  ewe e e e wen]

- e s B Ean  wae e GW e ems e e mmw  Yem e SeR e W awe MR S5 e e WEE  Gms e e e aee W

(b) Other purposes for which fuel used:
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5. Problems in using fuel:

o wew ems ema  me  awe  eam  wwe e e sy e GaR e me e owe MW Gwe was WS x  sum wes M e et ewe  Dme  wew

! ! Methods adopted to

Fuel i Problems in using fuel overcome
_____ G = mm e am e mm em e wm e mm em b e e e e mm ew e em e = ww
1 1
i ]
1 1
! |
i 1
| !
6. Type of chulah stove used:
; e ; *l”l“h;lm ;ln . *f— A ; _v —w~ ; e
ype of chula ace of insta- Norking
Stove : llation ! level ! Problems
! Direction facing !
aaaaaaaa le e e e e e e m o= b e e b e e e e -
1 1 1
| i ]
I ! l
1 | 1
i i !
| | 1
7. Condition of the kitchen:
8. Awareness of other fuels/stoves:
a) Smokeless Chulah:
i) Have you heard about smokeless
chulah? i Yes No

ii) If 'Yes' source of information:

iii) Would you like to install a
smokeless Chulah in your
kitchen? Yes No



b) Solar Energy:

i) How do you generally utilise
solar energy in daily life?

i1) llave you seen a solar cooker? Yes

iii) If 'Yes', source of information:

iv) Would you like to use solar
cooker for cooking purposes?

¢) Cowdung gas plant:

i) Do you have cows, buffaloes
in your house? Yes

ii) If 'Yes', give the number of
animals possessed by you

iii) How do you utilise the cowdung
now?

iv) Are you interested in constructing
a gas plant for your use?

v) If 'Yes', what type of help
you require from us?

242
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No
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APPENDIX III

PROCEDURE FOR CALCULATING THE THERMAL EFFICIENCY OF
SMOKELESS CHULAH '

The thermal efficiency is calculated using the

formula,
Total heat used in raising the temperature
_ of water
EffiCclenCy = oo e e e e e e e e e e e e e
Total heat potential of the firewood burnt
(Wys + Wo = W) (t, = t)
= L 2 l. 2 1 x 100 per cent
[c.v. (wy - wy) ]
where
Wy = Weight of the utensil and the .1id = 200 grams.
Wy = Weight of the utensil, lid and
water = 1200 grams.
s = Specific heat of aluminium = 0.2
t; = Initial temperature of water = 27°%,
ts = T[Final temperature of water = 98°C.
c.v, = LEffective heat = 814 kcals.
Wa = Initial weight of the wood = 100C grams.
Wy = Weight of the remaining wood = 637 grams,
(wy = wy) = Weight of the fuel consumed = 363 grams,
Substituting these values,
Efficiency = (200 x 0.2 + 1200 - 200] [98 - 27] x 100 per cent
. 8l4 x 363 - p

= 25 per cent.
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APPENDIX VI

EVALUATION SHEET USED FOR SMOKELESS CHULAH

I. Name of the Village )

Name of the head of the

family
Occupation

Number of members

Type of family

.

e

Adults
Children

Education of the
homemaker :

Education of the

head of the family

e

Total income of the

family

.o

II. Details regarding Installation:

lo
2.

Place of installation

Area needed for
installation-

Direction faced

Reasons

Placement of smoke
outlet pipe :

Level of the chulah:

Area occupied by

the chulah:
Height
Width :
Length :

.

High

Low

248
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7. Materials required for installation:

- aem e e mme om e v sow fowm T e wE e oW W PR e e ey Sws  am e M WMt whe  mme W e

- e aav  ema  Bee  wet  ems B suw e W WS mes M e pes e wws  Wm  ewm R e wm e WS e e wm eme

8., Number of labourers and
time involved for
installation

9, Labour charges involved
in the installation

10. Any specific day
selected for the
installation :

Reasons

11, Person supervised the
installation

III. Details about using the Chulah:

1. How many days were allowed for the settlement
of the chulah?

2. Mention the preparations which are made using the
first pot seat.

Items prepared Quantity prepared
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3, Mention the preparations which are made by using
the second pot seat:

Items prepared Quantity prepared

IV, Use of Dampers.

V. Benefits and suggestion:

1.

Wihat are the reaction of the homemaker after
using chulah?

Suggestion for the improvement of the chulah
design:

Size

.o

Shape :
Chimney

Diameter of the
first pot seat :

Diameter of the
second pot seat

Ty

Ash plate :

Sloping between.
the 1lst and 2nd
pot seat



3. Advantages of the smokeless chulah over the
ordinary chulah:

VI. Maintenance:

.1, How do you maintain the chulah?

2, What type of help and assistance you
need in the programme?

3. Problems faced in using the chulah:

VII, What is your opinion about the introduction of
smokeless chulah in the rural area?
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APPENDIX VII

SCHEDULE TO ELICIT INFORMATICNS REGARDING THE PERFORMANCE
OF JANATA BIOGAS PLANTS CONSTRUCTED IN SELECTED
HOUSEHOLDS

1. Name of the interviewee :

Address

oo

2, Type of family : Joint Nuclear

I. Details about family background

! 1
\ 3 i 1 1 !
S.No.! Namg of the, he%atlon Age in , Educational! Occu- Income
family ship to 1 years ' Tstatus rpation'per
' members ! the head |, 7 | . ymonth
v I of the | | ! yin
1 1 family 1 'RS.
- ——ym - = - = - T-=--=- - (I F == =le -
| ! 1 | i
' ! 1 |
i 1 1
! 1 ]
1 1 ]
| ] !
| ] 1
! | ' ) | :
i 1 |
] ] : |
______________ L S

I1. General details on biogas plant:

1. Type of biogas plant installed:
2, Capacity of the plant: cu.m.
3. Year of construction:

4, Source of information:

5. Reasons for constructing the biogas plant,
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6. Number of csltles possessed:

TTI. Details on Location of the plant:

1. Type of subsoil in which the
- plant was constructed

2. Space occupied by the plant - sq.m,
3, Distance of the plant to cowshed - metres

4, Distance of the plant to kitchen - metres
IV. Construction and opération details:

1, #dlention the source from where technical guidance
was obtained?

2, Number of days taken for construction,

3. Cost of construction for plant.

. s wem ew  mm G me @M e e G Gm WA s e we  Me G s  TER  swe W see  amm e WM e me

mea  mme tme wmm wwm W D e G SRR eem Mt emk st BN DT pwe M eas e e s e Sme s m  Gw e

Masonry Materials

Brick
Cement
Sand

Accessory materials

Iron bars

Pipes

Gate Valve
Labour charges

éost of the biogas stove

R G ewa e T mem oet sy GO s 53 e oOm e Gws mm Gy ew MR s aee e emw  ewe  mes  ee goa
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Length of the pipeline .... mts,

Give the total quantity of cowdung needed for
initial loading of the plant. ... kg,

Where did you get the cowdung?
a. From your own cattle

b. Purchased from outside

When do the production of the gas was obtained
after initial loading?

L]

Financial Assistance:

1. Mention the source of finance obtained for the
construction of the plant

a. Savings

b, Loan from

i) National Bank

ii) Land development bank
iii) Co-operative bank

iv) Others

2, What are the prerequisites to get the loan?
3, ention the amount of loan received ... Rs,

4, Rate of interest
5. Mode of repayment

6. Subsidy received for construction



255

VI Biogas stove used in the kitchen:

VII, Details about operation:
1. Quantum of cowdung used daily ee... kg,

2., The proportion of cowdung and water
used for daily feeding

3., Person incharge for feeding the gas plant?

a) Head of the family
b) Any one member in the family
c) Servants

d) Others

4, Time of feeding:
Morning
Evening

Morning and Evening

S. Ffequency of feeding
a) Daily
b) Alternate days
¢) Once in 3 days
d) Others (specify)
6. How do you know the amount of gas produced?
a) From the height of the flame \
b) From the level of the slurry in the slurry-tank.,
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7. Do you add other types of waste in addition
to the cowdung? '

. Yes
No

If yes, mention the different types of waste used

and quantity?
VIII, Utilization of Biogas:
1. Do you get sufficient gas for cooking?
Yes
No
2. How many hours you Are using the gas for a day?

o e awr e G erw s eee  ms  Gum s e R ws R e e e e M mm  BuR e wm wee ses e e

. wmm e wem ere  eme e wm wms  mem  mee s ew  wee ek e MR Bue swm  wn mer cme M e e e e W

Breakfast
Lunch
Tea
‘Dinner
ii.Lighting
iii.Heating water for bathing purposes
iv. Operating engines

"v. Any other (specify)

Mt e wae  ema e me e AR B W g AR ew e 0 smT mme wew W Mea @ ese e s oW e e e ooe
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IX., Care of maintenance:

1. Do you undertake the following?
"a, Feeding regularly,
b. Checking and removing the accumulated water
the gas pipeline,
c. Chécking the safety valve.
d. Mixing cowdung and water in the pmoporﬁivn
e, Checking the outlet of the slurry.
f.VMixing cowdung and water thoroughly.
é. Removing the stalks from the slurry.
h, Cleaning the burner and burner top frequently.
i, Keeping the regulator closed.
Jj. Keeping the mixing and outlet tank closed.

k. Any other,

X. Details regarding the benefits of Biogas:
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APPENDIX VIII |
EVALUAT ION SHEET USED FOR SOLAR COOKER

I. Name of the head of the
family

.

Type of family
Number of members:
Adults :

Children

Occupation of the Head
of the family:

Total income of the

family
Education of the Head
of the family :

Education of the Home-
maker :

II. Details regarding use:

1. Place of keeping the solar
cooker: : Front yaxd

Back yard
Any other place

2. Person helping to bring the
solar cooker outside:
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3. Items prepared in the solar cooker

Remarks of the
cooked product

Qty. I Time taken
in gramst to prepare

B wes e et an R e s e mms  wwe, el eed  oes  mes Gy WA ews MO was GRS ames Mas  WON wws WM e DR e

4, Items which are not liked by the home maker cooked
by using the solar cooker,

5. Number of days the solar cooker is used in every month.
January
February
March
April
iay
June

6. Benefits of using the solar cooker,

7. Limitations in using the solar cooker,
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APPENDIX X

FUEL CONSUMPTION IN ORDINARY Vs SMOKELESS CHULAHS WHEN
TWO MEALS ARE COOKED

. wwa T ma e wem  eee  eem e OES  wam  EmW AR  ere  Wee TS ees Wt M e s G W ews S pem oms M v

5 No No,of In ordinary In smokgless Difference
*777* members chulah in kg, chulah in kg. in kg.
1 2 2.63 2,07 0.56
2 2,67 .13 0.54

Mean  2.65 2.10 0,55

3 3 2,80 2,07 0.73

4 3.11 2,67 0.44

5 2,92 2,23 0.69

6 2.99 : 2,53 0.46
Mean  2.96 2,38 | 0.58
7 4 3. 650 ‘ 3.30 0,349

8 4.131 3.410 - 0.721
9 4,136 3.450 0.686
10 3,580 3.094 0.484
11 3,578 3.093 0.485
. "~ iean  3.82 3,27 0.55

12 5 4, 40C 3,745 0.655

13 4,332 3.920 0.412

14 4,600 4,280 0.320

15 4,332 3.810 0.522

16 4,421 3.690 0.731

Mean  4.42 3.89 0.53

17 6 5,431 4,912 - 0.499

18 5, 380 4,878 0.482

19 5. 460 4,907 0.533

20 5,451 4,985 0.446

21 ' 5. 450 4,868 0.662

Mean 5,43 4,91 0.52
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5 No No,of In ordinary In smokgless Difference
7Y members chulah in kg, chulah in kg in kg,
22 7 5.749 5.338 0.411
23 5,732 5.327 0.405
24 - 5,673 5.298 0.375

Mean 5.72 5.32 0.40
25 8 6.08 5.675 0.405
26 6.16 5.725 0.435

Mean 6,12 5.70 0.42
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FUEL CONSUMPTION IN ORDINARY Vs SMOKELESS CHULAH WHEN
' THREE MEALS ARE COOKED

e esm  ees mem ewe wen e mms  eme  Gem e mm  mee  eem s Wt e S e e W sew e Tam G v Sem e W

P No.,of In ordinary In smokeless Difference
2.No.  embers  chulah in kg. chulah in kqg. in kg.
1 2 2.90 2,22 0,68
2 3.138 2,63 0.508
3 3,352 3.03 0,322

Mean 3.13 2,63 0.5%0
4 3 3.650 2.856 0,794
5 3.960 3.500 0,460
6 4,112 3.432 0.680
7 4,280 3.927 0.353
8 4,431 4,212 0.219
Mean 4,09 3.59 0.50
9 4 4,539 4,107 0.432
10 4, 400 3.980 0,420
11 4,190 3,695 0.495
12 4,421 3.879 0.542
13 4,450 ~3.809 0.641
Mean 4,4 3.89 0.51
14 5 5.112 4,643 N 0.469
15 5.233 4,713 - 0,520
16 5.2%0 4,756 0.494
17 5,430 ’ 4,920 0.510
18 | 5, 250 4,833 0.417
19 4,593 4,331 0,262
Mean 5.14 4.7 0.43
20 6 5.640 5.137 0.503
21 5,626 5,212 0.414
22 5.638 5,128 0.510"
Mean 5,63 5.16 0.47
23 7 5.94 5.36 0.580

24 - Lt 6 .O Ci R 5,48 0. 520
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